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(57) Abstract 



A location system is disclosed for commercial wireless telecommunication infrastructures. The system is an end-to-end solution 
having one or more location centers for ou (putting requested locations of commercially available handsets or mobile stations (MS) based 
on, e.g., CDMA, AMPS» NAMPS or TDMA communication standards, for processing both local MS location requests and more global MS 
location requests via. c.g., Internet communication between a distributed network of location centers. The system uses a plurality of MS 
locating technologies including those based on: (1) two-way TOA and TDOA; (2) pattern recognition; (3) distributed antenna provisioning; 
and (4) supplemental information from various types of very low cost non- infrastructure base stations for communicating via a typical 
commercial wireless base station infrastructure or a public telephone switch network. 
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LOCATION OF A MOBILE STATION 

FIELD OF THE INVENTION 

The present invention is directed generally to a system and method for locating people or objecu, and in particular, to a 
system and method for locating a wireless mobile station using a pluraRty oi simultaneously activated mobile station location 
estimators. 

BACKGROUND OF THE INVENTION 

Introduaion 

Wireless communications systems arc becoming increasingly important worldwide. Wireless cellular telecommunications 
systems are rapidly replacing conventional wire-based telecommunications systems in many applications. Cellular radio telephone 
networks ("CRT"), and specialized mobile radio and mobile data radio networks are examples. The general principles of wireless 
cellular telephony have been described variously, for example in U. S. Patent 5^95,180 to Vendetti, et af, which is incorporated herein 
by reference. 

There is great interest in using existing infrastruaures (or wireless communication systems for locating people and/or 
objects in a cost effective manner. Such a capability would be invaluable in a variety of situations, especially in emergency or crime 
situations. Due to the substantial benefits of such a location system, several attempts have been made to design and implement such 
a system. 

Systems have been proposed that rely upon signal strength and trilatcralization techniques to permit location include those 
disclosed in U.S. Patents 4,818.998 and 4.908,629 to Apsell et al. ("the Apsel! patents") and 4,891,650 to Sheffer ("the Sheffcr 
patent"). However, these systems have drawbacks that include high expense in that special purpose etearonics are required. 
Furthermore, the systems are generally only ef feaive in line-of-sight conditions, such as rural settings. Radio wave surface 
ref leaions. refraaions and ground clutter cause significant distortion, in determining the loQtion of a signal source in most 
geographical areas that are more than sparsely populated. Moreover, these drawbacks are particularly exacerbated in dense urban 
canyon (city) areas, where errors and/or conflias in tocation measuremems can result in substantial inaccuracies. 

Another example of a location system using time of arrival and trtangulation for location are satellite- based systems, such 
as the military and commercial versions of the Global Positioning Satellite system ("GPS"). GPS can provide accurate position 
determination (i.e., about 100 meters error for the commercial venion of GPS) from a time-based signal received simultaneously 
from at least three satellites. A ground-based GPS receiver at or near the objea to be located determines the difference between the 
time at which each satellite transmits a time signal and the time at which the signal is received and. based on the time differentials, 
determines the object's location. However, the GPS is impractical in many applications. The signal power levels from the satellites 

I 
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are low and the GPS receiver requires a dear, line-of-sight path to at leait three atellites above a horizon of about 60 degrees for 
effective operation. Accordingly, indemem weather conditions, sudi as clouds, terrain features, such as hills and trees, and buildings 
restrict the ability of the GPS receiver to determine iu position, furthermore, the initial GPS signal deteaion process for a GPS 
receiver is relatively long fue. several minutes) for determining the receiver's position. Such delays are imaccepiable in many 
applications such as, for example, emergency response and vehicle traddng. 

Differential GPS. or D6PS systems offer correction sdiemes to account for time syndironization drift Such correaion 
sdiemes include the transmission of correction signals over a two-way radio Gnk or broadcast via f H radio station subcarriers. These 
systems have been found to be awkward and have met with limited success. 

Additionally. GPS-ba$ed location systems have been attempted in whidi the received GPS signals are transmitted to a 
central data center for performing loation calculations. Such systems have also met with limited success. In brief, each of the 
various GPS embodiments have the same fundamental prcbiems of limited reception of the satellite signals and added expense and 
complexity of the elearonics required for an inexpensive location mobite station or hamlset for detecting and receiving the GPS 
signals from the satelfites. 

Radio Propagation Background 

The behavior of a mobile radio signal in the general environment is unique and complicated. Efforts to perform 
correlations between radio signals and distance between a base station and a mobile station are similarly complex. Repeated attempts 
to soNe this problem in the past have been met with only marginal success, f acton include terrain undulations, fixed and variable 
clutter, atmospheric conditions, internal radio characteristics of cellular and PCS systems, such as frequencies, antenna 
configurations, modulation schemes, diversity methods, and the physical geometries of direa, refracted and refleaed waves between 
the base stations and the mobile. Noise, such as man-made externally sources (e.g.. auto ignitions) and radio system co^channel ami 
adjacent channel interference also affect radio reception and reUted performance measurements, such as the analog carrier-to- 
interference ratio (C/l), or digital energy-per-bit/Noise density ratio (i^) and are particular to various points in time and space 
domains. 

RF Propagation in Free Space 

Before discussing real worid correlations between signals and disunce. it is useful to review the theoretical premise, that of 
radio energy path loss across a pure isotropic vacuum propagation channel, ami its dependencies within and among various 
communications diannel types. Fig. I illustrates a defmition of channel types arising in communications: 
Over the last forty years various mathematical expressions have been developed to assist the radio mobile cell designer in establishing 
the proper balance between base station capital investment and the quality of the radio fink, typically using radio energy field- 
strength, usually measured in microvolts/meter, or decibels. 
First consider Hata's single ray model. A simplifjcd radio channel can be described as: 
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(Equation I) 



where Gj = system gain in decibels 

Lp= free space path loss in dB. 
F = fade margin in dB, 

L, = transmission line loss from coaxials used to connect radio to antenna, in dB, 

miscellaneous losses such as minor antenna misalignment, coaxial corrosion, increase in the receiver noise figure due 
to aging, in dB, 

Lb= branching loss due to fiher and circulator used to combine or split transmitter and receiver signals in a single 
antenna 

Gi= gain of transmitting antenna 
G,= gain of receiving antenna 

Free space path loss' Lp as discussed in Mobik Communication* De«gn fundamentah, Wiliiam c 1. Ut, 2nd, Ed across the propagation channel 

is a funaion of distance d, frequency 

f (for f values < I GHz, such as the 890-950 mHz cellular band): 



or 



{ATidfcY (equation?) 



where pQ,. = received power in free space 
'*t — transmitting power 
c = speed of light, 



The difference between two received signal powers in free space. 



A, = (10) log[^] = (20) log[^j(de) 



(equation 3) 
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"^^^^^^^^Ol PCr/US97/15892 
indiates that the free prof>agation path loss U 20 d6 per deade. frequencies between i QHi and 2GH2 experience increased values 
the exponent, ranging from 2 to 4, or 20 to 40 dB/decade, which would be predirted for the new PG 1.8 - 1.9 GHz band. 



in 



5 This suggests that the free propagation path toss is 20 dB per decade. However, frequencies between I GHi and 2 GHz experience 
increased values in the exponent, ranging from 2 to 4, or 20 to 40 dB/decade, which would be predicted forthe new PG 1.8 - 1.9 GHz 
band. One consequence from a location per^peaive is that the effective range of values for higher exponents is an increased at higher 
frequencies, thus providing improved granularity of ranging correlation. 

Environmental Clutter and Rf Propagation Effects 

10 Aaual data colleaed in real-world environments uncovered huge variations with respea to the free space path loss 

equation, giving rise to the creation of many empirical formulas for radio signal coverage prwJiaion. Clutter, either fixed or 
$tation37 in geometric relation to the propagation of the radio signals, auses a shadow effect of bloddng that perturbs the free 
space loss effea Perhaps the best known model set that charaacrizes the average path toss is Hata^s. '^Empirical formula for 
Propagation Loss in Land Mobile Radio^. H. Hata. IEEE Transaaions VT-29, pp. 3I7-32S. August 1980, three pathtoss modeU, based 

15 on Okumura's measuremenu in and around Tokyo, "Field Strength and its Variability in VHF and UHf Land Mobile Service", Y. 
Okumura, et al, Review of the Elearical Communications laboratory. Vol 16, pp 825-873. Sept. - Oct. 1968. 

The typical urban Hata model for Lp was defined as L^ = L(^ 

= 69.55 + 26J6log(/)- 13.82Iog(/^^^)-a(A,,,)-f ((44.9-6.55iog(//^,)log(^)[^^^^ 

(Equation 4) 

^*»e«tHu = path loss, Hata urban 

''BS = base station antenna height 
^HS = mobile station antenna height 
d = distance BS-MS in km 



20 



30 

2(*iMS^ is a correttton faaor for small and medium sized cities, found to be: 
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For large cities the correction factor was found to be: 
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(Equation S) 



= 3-2 [log II. 75h^]^- 4.97 



aisuming f is equal to or greater than 400 mHz. 



(Equation 6) 



The typical suburban model correction was found to be: 



-5.4[dB] 



(Equation 7) 



Tlw tjfpical nn\ mwiei modified the urban formula differently, as seen below: 



l-Hro,.! = - 4.78 (logf)^ + 18.331ogf- 40.94 [dB] (Equations) 

20 

Although the Hata model was found to be useful for generalized Rf wave prediaion in frequencies under I GHz in tertain 
suburban and rural settings, as either the frequency and/or clutter increased, prediaability decreased. In current practice, however, 
field technicians often have to make a guess for dense urban an suburban areas (applying whatever model seems best), then 
installing a base jtationj and begin taking manual measurements. Coverage ptoblems can uke up to a year to f*joh-e. 

Relating Received Signal Strength to Location 

Having previously established a relationship between d and P„, reference equation 2 above: d represents the distance 
between the mobile sution (MS) and the base station (BS); P„ represents the received power in free space) for a given set of 
unchanging environmental conditions, it may be possibte to dynamically measure P. and then determine d. 

In 1991. U J. Patent S.0S5,85I to Sheffer taught that if three or more relatbnships have been established in a triangubr 
space of three or more base sution, (BSs) with a toation database constructed having data related to possible mobile station (MS) 
iQQtions. then arculation calculations may be perfonned, which use three distinn P, measurements to determine an X.T. two 
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dimenjional loation, which can then be projected onto an area nap. The triangulation cakulation is based on the ha that the 
approximate distance of the mobile station (HS) from any base station (BS) cell can be calculated based on the receded signal 
strength. Sheffer acknowledges that terrain variations affea accuracy, although as noted above, Sheffer's disclosure docs not account 
for a sufficient number of variables, such as fixed and variable location shadow fading, which are typical in dense urban areas with 
5 moving traffic 

Most field research before about 1988 has focused on characterizing (with the objective of RF coverage prediaion) the RF 
propagatbn channel (Ic^ elertromagnetic radio waves) using a single-ray model, although standard fit errors in regressions proved 
dismal (e.g^ 40-80 dB). Uter. multi-ray models wero proposed, and much later, certain behaviors were studied with radio and 
digital channels. In 1981, Vogler proposed that radb waves at higher frequencies couW be modeled using optia principles. In 1988 

10 WaHisch and Bertoni applied optical methods to develop a two-ray model, which when compared to certain highly specific, controlled 
field data, provided extremely good regression fit standard errors of within \2 dB. 

In the Bertoni two ray model it was assumed that most cities would consist of a core of high-rise buildings surrounded by a 
much brger area having buildings of uniform height spread over regions comprising many square bbcks, with street grids organizing 
buildings into rows that are neariy parallel. fUys penetrating buildings then emanating outside a building were neglerted. Fig. 2 

1 S provides a basis for the variables. 

After a lengthy analysis it was concluded that path loss was a function of three faaors: (t) the path loss between antennas 
in free space; (2) the reduaion of rooftop wave fields due to settling; and (3) the effea of diff rartion of the rooftop fields down to 
ground level The last two fartors were summarily termed i^j^^ gjyg^ ^. 



20 L,, = 57.1 + A + log(/) + R - ((18 log(//)) -18 1 



The influence of building geometry is contained in A: 

= Slog [( ^) ^] - 91ogd + 20 log { tan [2 ( h - H^^) ] } 



25 



Og 



1 7H 



(Equation 9) 



(Equation 10) 

However, a substantial difficulty with the two-ray model in praaice is that it requires a substantial amount of data 
regarding building dimensions, geometries, street widths, antenna gain characterittia for every possible ray path, etc. Additionally, 
it requires an inordinate amount of compuutional resources and such a model is not easily updated or maintained. 

Unfortunately, in praaice chitter geometries and building heights are random. Horeover, data of sufficient detail has been 
30 extremely difficuh to acquire, and regression standard fit errors are poor; Le., in the general case, these errors were found to be 40- 
60 dB. Thus the two-ray model approach, although jomerimes providing an improvement over single ray techniques, still did not 
predict RF signal characteristia in the general case to level of accuracy desired ( < lOdB). 
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Work by Greenjtein has since developed from the perspeaive of measurement-based regression models, as opposed to the 
previous approach of predirtrng-first, then performing measurement comparisons. Apparently yielding to the faa that low.power» 
low antenna («.g., 12-25 feet above ground) height PCS microcell coverage was insufficient in urban buildings, Greennein. et al, 
authored "Performance Evaluations for Urban Line-of-sight HicnKclis Using a Multi-ray Propagation Model", in IEEE Globecom 
5 Proceedings, 12/91. This paper proposed the idea of formulating regressions based on field measurements using small PQ microcells 
in a lineal microcell geometry (i.e., geometries in which there b always a iine^jf-sight (LOS) path between a subscriber's mobile and 
its current microshe). 

Additionally. Greemtein studied the communication channels variable Bit-Error-Rate (BER) in a spatial domain, which was 
a departure from previous research that limited field measurements to the Rr propagation channel signal strength alone. However, 
10 Greenstein based his finding on two suspicious assumptions: I) he assumed that distance correlation estimates were identical for 
uplink and downlink transmission paths; and 2) modulation rechniques would be transparent in terms of improved distance 
correlation conclusions. Although some data held ve^ correlations, other data and environments produced poor results. Accordingly, 
his results appear unreliable for use in general location context 

In 1993 Greenstein, et al, authored "A Measurement-Based Model for Prediaing Coverage Areas of Urban Microcells", in 
15 the IEEE Journal On Seleaed Areas in Communications, VoU 1 . Mo. 7. 9/93. Greenstein reported a generic measurement-based model 
of RF attenuation in terms of constant-value contours surrounding a given tow-power, low antenna microcell environment in a dense, 
^ rectilinear neighborhood, such as New York City, However, these contours were for the cellular frequency band. In this case. LOS and 
non-LOS clutter were considered for a given microcell site, A result of this analysis was that Rf propagation losses (or attenuations), 
when cell antenna heights were relatively low. provided attenuation contours resembling a spline plane curve depiaed as an asteroid. 
20 aligned with major street grid patterns, further, Greensrein found that convex diamond-shaped RF propagation toss contours were a 
common occurrence in field measurements in a rectilinear urban area. The special plane curve asteroid is represented by the formula 
+ y^ = r^. However, these results atone have not been sufficiently robust and general to accurately locate an MS, due to the 
variable nature of urban clutter spatial arrangements.. 

At Telesis Technology in 1994 Howard Xia, et al, authored "Microcellular Propagation Charaaerisiia for Personal 
25 Communications in Urban and Suburban Environments**, in IEEE Transaatons of Vehicular Technology, Vol. 43. No. 3. 8/94, which 
performed measuremenu specifically in the PCS 1.8 to 1.9 GHz frequency band. Xia found corresponding but more variable outcome 
results in San Francisco, Oakland (urban) and the Sunset and Hisston Districts (suburban). 

Summaiy of Factors Affeaing RF Propagation 



30 



The physical radio propagatton channel perturbs signal strength, frequency (causing rate changes, phase delay, signal to 
noise rattos (e.g., C/l for the analog case, or i^f^, . RF energy per bit. over average noise density ratto tor the digital case) and 
Doppler-shift. Signal strength is usually charaaerized by: 

• free Space Path Loss (L^) 
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■Slow fading lojs or margin (L^) 
* fart fading loss or margin 

Lojs due to slow fading includes shadowing doe to clutter blockage (sometimes included in Lp). Fast lading is composed of 
mutiipath reflections whicfi cause: I) delay spread; 2) random phase shift or Rayleigh fading; and 3) random frequency modulation 
5 due to different Doppler shifu on different paths. 

Summing the path toss and the two fading margin toss components from the above yields a total path loss of: 

Referring to Fig. 3. the figure iiiustrates key components of a typical cellular and PCS power budget design process. The cell designer 
10 increases the transmitted power Ptx by the shadow fading nargin 1,^, which is usually chosen to be within the 1-2 percentile of the 
slow fading probability density funabn (POf) to minimize the probability of unsatisfactorily tow received power level Prx at the 
receiver. The P„ level must have enough signal to noise energy level {e.g. 10 dB) to overcome the receiver's internal m)i$e level (e.g, 
-I IBdBm in the case of cellular 0.9 GHz), for a minimum voice quality standard. Thus in the example P„ must never be below -108 
dBm. in order to maintain the quality standard. 

Additionally the short term fast signal fading due to multipath propagation is talcen into account by deploying fast fadmg 
margin Lt.,, which is typically also chosen to be a few percenriles of the fast fading distribution. The t to 2 percentiles compliment 
other network blockage guidelines, for example the cell base starion traffic loading capacity and network transport facilities are 
usually designed for a 1-2 percentile blockage faaor as well. However, in the worst-case scenario both fading margins are 
simultaneously exceeded, thus causing a fading margin overload. 

In Roy , Steele*$, text, Hobile Radio Communications, IEEE Press, 1992, estimates for a GSM system operating in the 1.8 
GHz band with a transmitter antenna height of 6.4m and an MS receiver antenna height of 2m. and assumptions regarding total 
path k)ss, transmitter power would be calculated as follows: 



15 



20 
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Table I: GSN Power Budget Example 



Parameter 


dBm value 


Will require 


'■slow 


14 






7 




*-'path 


110 




Hin. RX pwr required 


-104 








IXpwr = 27 dBm 



5 

Steele's sample siie in a specific urban London area of 80,000 LOS measuremenu and data reduction found a slow fading variance of 
a= 7dB 

10 assuming lognormai slow fading PDF and allowing for a 1.4% slow fading margin overload, thus 

slow = 2o = HdB 
Tfie fast fading margin was determined to be: 

Lfast - 7dB 

In contrast, Xia's measurements in urban and suburban California at 1.8 GHz uncovered flat-land shadow fades 
on the order of 25-30 dB when the mobile station (MS) receiver was traveling from lOS to non-LOS geometries. In fiiliy terrain fades 
of + S to -50 dB were experienced. Thus it is evident that attempts to correlate signal strength with MS ranging distance suggest that 
error ranges could not be expected to improve below 14 dB, with a high side of 25 to 50 dB. Based on 20 to 40 dB per decad^ 
Corresponding error ranges for the distance variable would then be on the order of 900 feet to several thousand feet, depending upon 
the particular environmental topology and the transmitter and receiver geometries. 



15 



20 
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SUMMARY Of THE INVENTION 

OBJEaS Of THE INVENTION 

It « an objetthre of the present invention to provide a system and method for to wireless telecommunication systems for 
accurately loating people and/or objects in a cost effective manner. Additionally, it is an objective of the present invention to provide 
such location capabilHies using the measurements from wireiess signals commmiicated between mobile stations and a network of base 
stations, wherein the same communication standard or protxol b milized for location as is used by the network of base stations for 
provkling wireless communications with mobile stations for other purposes such as voice communication and/or visual 
communication (such as text paging, graphical or video communications). Related objeaives for the present inventbn include 
provkfing a system and methtMl that; 

(1.1) can be readily incorporated into existing commercial wireless telephony systems with few. if any. modifications of a typical 
telephony wireless infrastruaure; 

{\2) can use the native electronics of typical commercially available telephony wireless mobile stations (e.g.. handsets) as 
k>catbn devices; 

(I J) can be used for effeaively looting people and/or objeas wherein there are few (if any) line^f-sight wireless receivers for 
receiving location signals from a mobile station (herein also denoted MS); 

(1.4) can be used not only for decreasing location determining difficulties due to multipath phenomena but in faa uses such 
multipath for providing more accurate location estimates; 

(li) can be used for integrating a wkle variety of tecation techniques in a straight-forward manner; and 

(1 .6) can substantially automatically adapt and/or (re)train and/or (re)calibrate iuelf according to changes in the environment 

and/or terrain of a geographical area where the present invention is utiliied. 

Yet another objeaive is to provide a low cost location system and method, adaptable to wireless telephony systems, for 
using simultaneously a plurality of location techniques for synergiuically increasing MS location accuracy and consistency. In 
particular, at least some of the foltowing MS loution techniques can be utilized by various embodiments of the present invention: 
(2.1) time-of-arrival wireless signal processing techniques; 
{12) time-difference-of-arrival wireless signal processing techniques; 

(2J) adaptive wireless signal processing techniques having, for example, learning capabilities and including, for instance, 
artificial neural net and genetic algorithm processing; 

(14) signal processing techniques for matching MS location signals with wireless signal charaaerisrics of known areas; 
(2i) conflirt resolution techniques for resolving conflias in hypotheses for MS location estimates; 
(2.6) enhancement of MS location estimates through the use of both heuristics and historical data associating MS wireless signal 
characteristics with known locations and/or environmental conditions. 
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Yet another objective is to provide location estimates in terms of time veaors, which can be used to establish motion, 
speed, and an extrapolated next location in cases where the MS signal subsequently becomes unavailable. 



DEFINITIONS 

The following definitions are provided for convenience. In general, the definitions here are also defined elsewhere in this 
document as well. 

(3.1) The term "wireless" herein is, in general, an abbreviation for "digital wireless", and in particular. **wireless" refen to 
digital radio signaling using one of standani digital protocols such as COMA. NAMPS. AMPS. TOMA and GSM, as one skilled in the art 
will understand. 

(3i) As used herein, the term -mobile station** (equivalently. MS) refers to a wireless device that is at least a transmitting 
device, and in most cases is also a wireless receiving device, such as a portable radio telephony handset Note that in some contexts 
herein instead or in addition to MS. the following terms are also used: "personal station" (PS), and "location unit" (LU). In general, 
these terms may be considered synonymous. However, the later two terms may be used when referring to reduced funaionality 
communication devices in comparison to a typical digital wireless mobile telephone, 

(33) The term, "infrastructure", denotes the network of telephony communication senrices. and more particularly, that portion 
of such a network that receives and processes wireless communications with wireless mobile stations. In particular, this infrastruaure 
includes telephony wireless base stations (BS) such as those for radio mobile communication systems based on CDMA. AMPS, NAMPS. 
TDMA. and GSM wherein the base stations provide a network of cooperative communicatbn channels with an air interface with the 
MS. and a conventional telecommunications interface with a Mobile Switch Cemer (MSC). Thus, an MS user within an area serviced by 
the base stations may be provided with wireless communication throughout the area by user transparent communication transfers 
(le,. "handoffs*') between the user's MS and these base stations in order to maimain effeaive telephony service. The mobile switch 
center (MSC) provides communications and control connectivity among base stations and the public telephone network. 
(3.4) The phrase, "composite wireless signal characteristic values" denotes the resuh of aggregating and filtering a colleaion of 
measurements of wireless signal samples, wherein these samples are obtaimid from the wireless communication between an MS to be 
located and the base station infrastructure (e.g.. a plurality of networked base stations). However, other phrases are also used herein 
to denote this colleaion of derived characteristic values depending on the context and the likely orientation of the reader, for 
example, when viewing these values from a wireless signal processing penpeaive of radio engineering, as in the descriptions of the 
subsequent Detailed Description sections concerned with the aspecu of the present invention for receiving MS signal measurements 
from the base station infrastruaure, the phrase typically used is: "RP signal measurements". Alternatively, from a data prt)cessing 
perspeaive. the phrases: "location signature cluster" and "location signal data" are used to describe signal charaaeristic values 
between the MS and the plurality of infrastruaure base stations substantially simultaneously detecting MS transmissions. Moreover, 
since the location communications between an MS and the base station infrastruaure typically include simultaneous communications 
with more than one base station, a related useful notion is that of a "location signature" which is the composite wireless signal 
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Characteristic values for signal samples between an MS to be located and a single base stairon. Also, in some contexu. the phrases: 
"signal charaaeristic values" or "signal charaaerisiic data" are used when either or both a location iignature{s) and/or a location 
signature cluster(s) are intended. 



SUHHARY DISCUSSION 

The present invention rcbtes to a wireless mobile station location system. In particular, such a wireless mobile station 
location system may be decomposed into: (i) a first low level wireless signal processing subsystem for receiving, organizing and 
conditioning low (evel wireless signal measurements from a network of base stations cooperatively linked for providing wireless 
communications whh mobile stations (MSs); and (ii) a second high level signal processing subsystem for performing high level data 
processing for providing most lilcelihood location estimates for mobile stations. 

More precisely, the presem invention is a novel signal processor that includes at least the functionality for the high signal 
processing subsystem mentioned hereinabove. Accordingly, assuming an appropriate ensemble of wireless signal measuremems 
charaaerizing the wireless signal communications between a particular MS and a networked wireless base station infrastructure have 
been received and appropriately filtered of noise and transitory values (such as by an embodiment of the low level signal processing 
subsystem disclosed in a copending PQ parent appKcatwn titled. "Wireless Location Using A Plurality of Commercial Network 
Infrastruaures.*' by F, W. UBIanc. and the present applicant(s); this copemiing patent application being herein incorporated by 
reference), the present invention uses the output from such a low level signal processing system for determining a most likely location 
estimate of an MS. 

That is, once the following steps are appropriately performed (e^, by the LcBbnc copending application): 

(4.1) receiving signal data measurements corresponding to wireless communications between an MS to be located 
(herein also denoted the "target MS") and a wireless telephony infrastruaure; 

(4.2) organizing and processing the signal data measurements received from a given target MS and surrounding BSs so 
that composite wireless signal charaaeristic values may be obtained from which target MS tocaiion estimates may 
be subsequently derived. In particular, the signal data measurements are ensembles of samples from the wireless 
signals received from the target MS by the base station infrastruaure, wherein these samples are subsequently 
filtered using analog and digital spearal filtering. 

the present invention accomplishes the objeaives mentioned above by the following steps: 

(43) providing the composite signal characteristic values to one or more MS location hypothesizing computational 
models (also denoted herein as "first order models*- and also "location estimating models*'), wherein each such 
model subsequently determines one or more initial estimates of the location of the target MS based on, for 
example, the signal processing techniques 2.1 through 2J above. Moreover, each of the models output MS location 
estimates having substanUally idemical data struaures (each such data struaure denoted a "location 
hypothesis**). Additionally, each location hypothesis may also includes a confidence value indicating the likelihood 
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or probability that the target MS whose location is desired resides in a corresponding location estimate for the 
target MS; 

(4.4) adjusting or modifying location hypotheses output by the models according to, for example, 2.4 through 2.6 above 
so that the adjusted location hypotheses provide better ta^t MS location estimates. In particular, such 
adjustmenu are performed on both the target MS location estimates of the location hypotheses as well as their 
corresponding confidences; and 

(4.4) subsequently computing a "most likely" target MS loation estimate for outputting to a location requesting 
application such as 91 1 emergency, the fire or police departments, taxi services, etc. Note that in computing the 
most likely target MS location estimate a plurality of location hypotheses may be taken into account, in faa. it is 
an important aspect of the present invention that the most likely MS tocation estimate is determined by 
computationally forming a composite MS location estimate utilizing such a plurality of location hypotheses so that, 
for example, tocation estimate similarities between location hypotheses can be effectively utilized. 

Referring now to (43) above, the Hltered and aggregated wireless signal characteristic values are provided to a number of 
location hypothesizing models (denoted Pint Order Models, or FOMs). each of which yields a location estimate or totion hypothesis 
related to the location of the target MS. In particular, there are location hypotheies for both providing estimates of where the target 
MS likely to be and where the target MS is not likely to be. Moreover, it U an aspea of the present invention that confidence values of 
the location hypotheses are provided as a continuous range of real numbers from. e.g., -( to I. wherein the most unlikely areas for 
loating the target MS are given a confidence value of -I, and the most likely areas for locating the target MS are given a confidence 
value of I. That is, confidence values thatare larger indicate a higher likelihood that the target MS is in the corresponding MS 
estimated area, wherein I indicates that the target MS is absolutely NOT in the estimated area, 0 indicates a substantially neutral or 
unknown likelihood of the target MS being in the corresponding estimated area, and I indicates that the target MS is absolutely 
within the corresponding estimated area. 

Referring to (4.4) above, it ii an aspea of the present invention to provide location hypothesis enhancing and evaluation 
techniques that can adjust target MS location estimates according to hUtorical MS tocation data and/or adjust the confidence values 
of location hypotheses according to how consistent the corresponding target MS location estimate is: (a) with historical MS signal 
charaaeristic values, (b) with various physical constraints, and (c) with various heuristics. In particular, the following capabilities 
are provided by the present invention: 

(5.1) a capability for enhancing the accuracy of an initial location hypothesis. H. generated by a first order model. FOM„, 
by using H as, essentially, a query or index into an historical data base (denoted herein as the location signature 
data base), wherein this data base includes: (a) a plurality of previously obtained location signature clusters (i.e.. 
composite wireless signal charaaeristic values) such that for each such cluster there is an associated aaual or 
verified MS tocations where an MS communicated with the base station infrastruaure for locating the MS. and (b) 
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previow MS location hypothesis estimates from f OMh derived from each of the location signature clusten storEd 
according to (a); 

IS2) a capabiPrty for analyzing composite sigral characteristic values of wireless communications between the target MS 
and the base station infrartruaure, wherein such values are compared with composite signal charaaeristics values 
of known MS locations (these ianer values being archived in the loation signature data base). In one instance, the 
composite signaJ characteristic values used to generate various location hypotheses for the urget MS are compared 
againu wireless signal data of known MS locations stored in the loatbn signature data base for determining the 
reliabiitty of the tocation hypothesizing modeb for particular geographic areas and/or environmental conditions; 
(53) a capability for reasoning about the likeliness of a loation hypothesis wherein this reasoning capability uses 

heuristia and constraints based on physia and physol properties of the tocation geography; 
(5.4) an hypothesis generating capability for generating new location hypotheses from previous hypotheses. 
As also mentioned above in (13), the present invention utifocs adaptive signal processing techniques. One particularly 
important utUization of such techniques includes the automatic tuning of the present invention so that, e.g., such tuning can be 
applied to adjusting the values of location processing system parameten that affea the processing performed by the present 
imrention. For example, such system parameters as those used tor determining the size of a geographical area to be specified when 
retrieving tocation signal data of known MS tocations from the historical (location signature) data base can substantially affect the 
tocation processing. In particular, a system parameter specifying a minimum size for such a geographical area may, if too large, 
cause unnecessary inaccuracies in locating an MS. Accordingly, to accomplish a tuning of such system parameten, an adaptation 
engine is included in the present imrention for automatically adjusting or tuning parameters used by the present invention. Note that 
in one embodiment, the adaptation engine is based on genetic algorithm techniques, 

A novel aspea of the present invention relies on the diKOvery that in many areas where MS tocation services are desired, 
the wireless signal measurements obtained from communications between the target MS and the base station infrastrutture are 
extensive enough to provide sufficiently unique or peculiar values so that the pattern of values atone may klentify the location of the 
target MS. Further, assuming a sufficient araoum of such locatton identifying pattern information is captured in the composite 
wirehiss signal characteristic values for a target MS. and that there is a technique tor matching such wireless signal panerns to 
geographical tocaiions, then a fOM based on this technique may generate a reasonably accurate urget MS location estimate. 
Moreover, if the present invention (e.g^ the tocatton signature data base) has captured sufficient wireless signal data from locatton 
communications between MSs and the base sutton infrastruaure wherein the toattons of the MSs are also verified and captured, then 
thb captured data (e.g., locatton signatures) can be used to train or calibrate such models to associate the tocatton of a urget MS 
with the distinrtive signal characteristics between the target MS and one or more base stattons. Accordingly, the present invention 
includes one or more FOMs that may be generally denoted as clajsificatton models wherein such f OMs are trained or calibrated to 
associate particular composite wireless signal charaaeristic values with a geographical tocation where a target MS could likely 
generate the wireless signal samples from which the composite wireless signal charaaeristic values are derived. Further, the present 
inventbn includes the capability for training (calibrating) and retraining (recalibrating) such classificatton FOMs to automatically 
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maintain the accuracy of these modeh even though substantial changes to the radio coverage area may occur, such as the 
construrtion of a new high rise building or seasonal variations (due to, for example, foliage variations). 

Note that such classification FOMs that are trained or calibrated to identify target MS locations by the wirelesi signal 
patterns produced constitute a particularly novel aspea of the present invention, it is well known in the wireless telephony art that 
the phenomenon of signal multipath and shadow fading renden most analytical location compuutional techniques such as ttme-of- 
arrival (TOA) or time-difference-of-arrival (TDOA) substantolly useless in urten areas and particularfy in dense urban areas. 
However, this same multipath phenomenon also may produce substantially distinct or peculiar signal measurement patterns, wherein 
such a pattern coincides with a relatively small geographical area. Thus, the present invention utilizes multipath as an advantage for 
increasing accuracy where for previous location systems multipath has been a source of substantial inaccuracies. Moreover, it is 
worthwhile to note that the utilization of classification FOMs in high multipath environments is especially advantageous in that high 
multipath environments are typically densely populated. Thus, since such environments are also capable of yielding a greater density 
of MS location signal data from MSs whose aaual locations can be obtained, there can be a substantial amount of training or 
calibration dao captured by the presem invention for training or calibrating such classification f OMs and for progressively improving 
the MS location accuracy of such models. Moreover, since it is also a related aspert of the presem invention to include a plurality 
stationary, low cost, low power "location deteaion base sutions^ (LBS), each having both restricted range MS deteaion capabilities 
and a built-in MS, a grid of such LBSs can be utilized for providing location signal data (from the built-in MS) for (re)trainirg or 
(re)calibrating such classification FOMs. 

In one embodiment of the present invention, one or more classification FOMs may each include a learning module such as 
an artificial neural network (ANN) for associating target MS location signal data with a target MS location estimate. Additionally, 
one or more classification f OMs may be statistical prediaion models based on such sratistical techniques as. for example, principle 
decomposition, partial least squares, or other regression techniques. 

It is a further aspect of the present invention that the personal communiation system (PCS) inf rastruaures currently 
being developed by telecommunication providers offer an appropriate localized infrastructure base upon which to build various 
penonal location systems (PLS) employing the present invention and/or utilizing the techniques disclosed herein. In particular, the 
present invention is especially suitable for the location of people and/or objects using code division multiple access (COMA) wireless 
infrastruaures. although other wireless infrastructures, such as. time division multiple access (TDMA) infrastruaures and GSM are 
also contemplated. Note that CDMA personal communiations systems are described in the Telephone Industries Association standard 
IS.95. for frequencies below 1 GHz, and in the Wideband Spread- Spectrum Digital Cellular System Dual-Mode Mobile Station-Base 
Station Compatibility Standard, for frequencies in the 1.8-1.9 GHz frequency bands, both of which are incorporated herein by 
reference. Furthermore. CDMA general principles have also been described, for example, in II. S. Patent 5.109390, to Gilhausen, et al, 
and CDMA Network Engineering Handbook by Qualcomm. Inc.. each of which is also incorporated herein by reference. 

Notwithstanding the above mentioned CDMA references, a brief introduction of CDMA is given here. Briefly. CDMA is an 
electromagnetic signal modulation and multiple access scheme based on spread spearum communication. Each CDMA signal 
corresponds to an unambiguous pseudorandom binary sequence for modulating the carrier signal throughout a predetermined 
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jpKtnim of haiidwWth frequencfej. Iramniiaions of individual CDHA signab setected by correlation proceaing of a pseudonoise 
wawform. In particular, titt CDMA signab ar* sepaiauir dttemd in a re«iver by using a corrdator. which accepu only signal 
energy from the selected binary sequence and despreads iu spectrum. Thus, when a first CDHA signat a transmitted, the 
transniissioM of unrelated CDMA signab correspond to pseudorandom sequences that do not match the fim signal. Therefore, these 
other signab contribute only to the m>ise ami represent a self-interference generated by the penonal commnnications system. " 

As mentioned in (1.7) and in the discussion of classification FOMs above, the present inventbn can substantially 
automatically mnin and/or recalibrate itseH to compenate for variatton, h, wireless signal daractermia (e.g.. multipath) due to 
environmental and/or topographic changes to a geographic area serviced by the present invention, for example, in one embodiment, 
the present invention optionally includes low cost, low power base stations, denoted bcation base sutions (IBS) above, providing, for 
example. CDMA pilot channeb to a very limited area about each such IBS. The bcation base stations may provide limited voice traffic 
capabilities, but each b capable of gathering sufficient wireless signal characteristics fn,m an MS within the location base station's 
range to facilitate locating tiK MS. Thus, by positbning the location base stations at known loations in a geographic regbn such as. 
for instance, on street bmp poles and road signs, additional MS location accuracy can be obtained. That b. due to the low power 
signal output by such location base stations, for there to be signaling control communicatbn (e.g.. pilot signaling and other comrol 
signab) between a location base station and a target MS. the MS must be rehtively near the location base sution. Additionally, for 
each location base station not in communication with the target MS, it is litcefy that the MS b not near to this location base station. 
Thus, by utiliting information received from both location base stations in communication with the target MS and those that are not 
in communication with the target MS. the present invention can substantially narrow the possibte geographic areas within which the 
target MS b likely to be. further, by providing each hication base station (IBS) with a co-tocated stationa^ wireless tramceiver 
(denoted a built-m MS above) having similar functionality to an MS, the following advantages are provided: 
(6.1) assuming that the co-tocated base station capabilities and the sutionary transceiver of an IBS are such that the base 
station capabilities and the stationa^ transceiver communicate with one another, the stationary transceiver can be signaled by 
another component(s) of the present invention to aaivate or deaaivate its associated base station capabihty, thereby conserving 
power for the LBS that operate on a restricted power such as sobr electrical power; 

(6 J) the nationary transceiver of an IBS can be used for transferring target MS location information obtained by the LBS to a 
convemional telephony base statnn; 

(« J) since the bcation of each LBS h known and can be used in loation processing, the present invention is able to (re)train 
andM (re)calibrate itself in geographical areas having such IBSs. That is, by aaivating each LBS stationa^ transceiver so that there 
H signal communication between the stationanr transceiver and surrounding base stations within range, wireless signal charaaerbtic 
values for the bcation of the stationary transceiver are obtained for each such base statbn. Accordingly, such characteristic values 
can then be associated with the known locatbn of the statbnary transceiver for training and/or calibrating various of the bcation 
processing modules of the presem inventbn such as the classifiration fOMs diKussed above. In particular, such training and/or 
alibrating ma/ include: 

(i) (rc)traintng and/or (re)calibrating FOMs; 
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(ii) adjusting tlie confidence value initially assigned to a location hypothesis acconJing to how accurate 
the generating FOM is in estimating the location of the stationary transceiver using data obtained from wireless signal chararteristia 
of signals between the stationary transceiver and base stations with which the stationary transceiver is capable of communicating; 

(iii) automatically updating the previously mentioned historical data base p.e., the location signature 
data base), wherein the stored signal charaaeristic data for each statbnary transceiver can be used for detecting environmental 
and/or topographical changes (e.g, a newly built high rise or other structures apable of altering the multipath characteristics of a 
ghren geographical area); and 

(iv) tuning of the location system parameters, wherein the steps of: (a) modifying various system 
parameters and (b) testing the performance of the modified location system on verified mobile station location data (including the 
stationa^ transceiver signal characteristic data), these steps being interleaved and repeatedly performed for obtaining better system 
location accuracy within useful time constraints. 

It is also an aspea of the present invention to automatically (re)calibrate as in (63) above with signal chararteristics from 
other known or verified locations. In one embodiment of the present invention, portable location verifying elearonics are provided so 
that when such elertronics are sufficiently near a located target MS. the etearonia: (I) detect the proximity of the target HS; (ii) 
determine a highly reliable measurement of the location of the target MS; (iii) provide this measurement to other location 
determining components of the present invention so that the location measurement can be associated and archived with related 
signal charaaeristic data received from the target MS at the location where the loation measurement is performed. Thus, the use of 
such portable location verifying elearonics allows the present invention to capture and utilize signal charaaeristic data from verified, 
substantially random locations for location system calibration as in (63) above. Moreover, it is important to note that such location 
.verifying elearonics can verify locations automatically wherein k is unnecessary for manual aaivation of a location verifying process. 

One embodiment of the present invention includes the location verifying eleartjnics as a "mobile (location) base station" 
(MBS) that can be. for example, incorporated into a vehicle, such as an ambulance, police car. or taxi. Such a vehicle can travel to 
sites having a transmitting target MS, wherein such sites may be randomly located and the signal charaaeristic data from the 
transmitting target MS at such a location can consequently be archived with a verifted location measurement performed at the site by 
the mobile location base suiion. Moreover, it is important to note that such a mobile location base station as its name implies also 
includes base station elearonics for communicating with mobile stations, though not necessarily in the manner of a conventional 
infrastruaure base station. In particular, a mobile location base station may only monitor signal chararteristics, such as MS signal 
strength, from a target MS without transmitting signaU to the target MS. Alternatively, a mobile location base station can 
periodically be in bi-direaional communication with a target HS for determining a signal time-of-arrival (or rime-difference-of- 
arrival) measurement between the mobile location base station and the target MS. .Additionally, each such mobile location base 
station includes components for estimating the location of the mobile location base station, such mobile location base station location 
estimates being important when the mobile location base station is used for locating a target MS via. for example, time-of-arrtval or 
ttme-difference-of-arrival measuremenu as one skilled in the art will appreciate. In particular, a mobile location base station can 
include: 
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(7.1) a mobile nation (HS) for both communicating with other componentj of the present invention (such as a location 
processing center irtduded in the present invention); 

(12) a GPS receiver for determining a location of the mobile location base station; 
{7J) a gyroscope and other dead rKtoning devkes; and 
5 (7 .4) devices for operator manual entry of a mobile location base station loation. 

furthermore, a mobile tocatton base station includes modales for integrat'mg or reconciling distina mobile location base 
station location estimates that, for example, can be obtained using the componems and devices of (7.1) through (7.4) above. That is. 
loation estimates for the mobile location base station may be obtained from: GPS satellite data, mobile location base station dau 
provided by the location procewing center, dead reckoning data obtained from the mobile location base station vehicle dead 

10 reckoning devices, and location data manually input by an operator of the mobile location base station. 

The focation extinating system of the present invention offers many advantages over existing location systems. 
The system of the present invention, for example, is readily adaptable to existing wireless communication systems and can accurately 
locate people and/or objects in a cost effective manner. In particular, the presem invention requires few, if any. modifications to 
commercial wireless communication systems for implementation. Thus, existing personal communication system infrastructure base 

15 stations and other components of. for example, commercial CDMA infrastructures are readily adapted to the present invention. The 
present invention can be used to tocate people and/or objeas that are not in the line-of-sight of a wireless receiver or transmitter, 
can reduce the detrimenul effects of multipath on the accuracy of the loation estimate, an potemially locate people and/or objects 
located indoors as well as outdoors, and uses a number of wireless stationa^ trauKeivers for location. The present invention employs 
a number of distinaly different loation computational models for loation which provides a greater degree of accuracy, robustness 

20 and versatility than is possible with existing systems. For instance, the loation modeU provided include not only the radiu^ 

radiusAOA and TDOA techniques but also adaptive artificial neural net techniques. Further, the present imrention is able to adapt to 
the topography of an area in which location service is desired. The presem imrention h also able to adapt to environmental changes 
substantially as frequently as desired. Thus, the present imrention is able to uke into account changes in the location topography 
over time without extensive manual data manipulation. Moreover, the present invemion an be utilized with vaiying amounts of 

25 signal measurement inputs. Thus, if a location estimate is desired in a very short time interval (eg., less than approximatefy one to 
two seconds), then the present loation estimating system an be used with only as much signal measurement data as is possible to 
acquire during an initial portion of thb time interval. Subsequently, after a greater amount of signal measurement data has been 
aquired, additional more accurate loation estimates may be obtained. Note that this apability an be useful in the context of 911 
emergency response in that a first quick course wireless mobile station loatmn estimate an be used to route a 91 1 all from the 

30 mobile station to a 91 1 emergency response center that has responsibility for the area containing the mobile station and the 91 1 
alkr. Subsequently, once the 91 1 all has been routed according to this first quick loation estimate, by continuing to receive 
additional wireless signal measuremenu. more reliable and accurate loation estimates of the mobile station an be obtained. 

Moreover, there are numerous additional advantages of the system of the present invemion when applied in CDMA 
communiation systems. The loation system of the present invention readily benefits from the distinct advantages of the CDMA 
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spread jpearum jcheme. namely, these advantages include the exptoitation of radio frequency spearal efficiency and isolation by (a) 
monitoring voice activity, (b) management of two-way power control, (c) provisioning of advanced variable-rate modems and error 
correaing signal encoding, (d) inherent resistance to fading, (e) enhanced privacy, and (f) multiple "rake" digital data receivers and 
searcher receivers for correlation of signal multipaths. 

At a more general level, it is an aspert of the present invention to demonstrate the utilization of various novel 
computational paradigms such as: 

(fl.I) providing a multiple hypothesis computational architecture (as illustrated best in Fig. 8) wherein the hypotheses are: 
(8.1.1) generated by modular independent hypothesizing computational models; 

(8.12) the models arc embedded in the computational architecture in a manner wherein the aithitenure allows for 
substantial amounts of application specific processing common or generic to a plurality of the models to be straightforwardly 
incorporated into the computational architecture; 

(8.13) the computational architeaure enhances the hypotheses generated by the models both according to past 
performance of the models and according to application specific constraints and heuristia without requiring feedback loops for 
adjusting the models; 

(8.1.4) the models are relatively easily integrated into, modified and extraaed from the computational architeaure; 
(8 J) providing a computational paradigm for enhancing an initial estinrated solution to a problem by using this initial 
estimated solution as, effeaively, a query or index into an historical data base of previous solution estimates and corresponding 
aaual solutions for deriving an enhanced solution estimate based on past performance of the module that generated the initial 
estimated solution. 

Note that the multiple hypothesis artliiteaure provided herein is useful in implememing solutions in a wide range of 
applications. For example, the following additional applications are within the scope of the present invention: 
(9.1) document scanning applications for transforming physical documents in to electronic forms of the documents. Note that in 
many cases the scanning of certain documents (books, publications, etc.) may have a 20% charaaer recognition error rate. Thus, 
the novel computation architeaure of the present imrention can be utilized by (I) providing a plurality of document scanning models 
as the first order models, (ii) buiWing a charaaer recognition data base for archiving a correspondence between charaaeristics of 
aaual printed charaaer variations and the intended charaaers (according to, for example, font types), and additionally archiving a 
correspondence of performance of each of the models on previously encountered aaual printed charaaer variations (note, this is 
analogous to the Signature Data Base of the MS location appHcation described herein), and (iii) determining any generic constrainu 
and/or heuristics that are desirable to be satisfied by a plurality of the models. Accordingly, by comparing outputs from the first 
order document scanning modeU. a determination can be made as to whether further processing is desirable due to, for example, 
discrepancies between the output of the models. If further processing is desirable, then an embodiment of the multiple hypothesis 
archheaure provided herein may be utilized to correa such discrepancies. Note that in comparing outputs from the first order 
document scanning models, these outputs may bo compared at various granularities; e.g.. charaaer. sentence, paragraph or page; 
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(9 J) diagnosis and monitoring applicationj such as medical diagnosis/monitoring, communication network 
diagnosis/monitoring; 

(93) robotia applications such as scene and/or objca recognition; 

(9.4) seismic and/or geologic signal processing applications such as for beating oil and gas deposiu; 
5 (9.5) Additionally, note that this architeaure need not have all modules co-located. In particular, it is an additional aspea of 
the present invention that various modules can be remotely located from one another and communicate with one another via 
telecommunication transmissions such as telephony technologies and/or the Internet. Accordingly, the present invention is 
particularfy adaptable to such distributed computing environmenu. For example, some number of the first order models may reside 
in remote locations and communicate their generated hypotheses via the Internet. 
10 For instance, in weather prediaion applications it is not uncommon for computational models to require large amounts of 

computational resources. Thus, such models running at various remote computational facilities can transfer weather prediction 
hypotheses (e.g^ the likely path of a hurricane) to a site that performs hypothesis adjustmenu according to: (i) past performance of 
the each model; (ii) particular constraints and/or heurbiics, and subsequently outputs a most likely estimate for a particular weather 
condition. 

* ^ alternative embodiment of the present invenuon. the processing following the generation of location hypotheses 

(each having an initial location estimate) by the first order models may be such that this processing can be provided on Internet user 
nodes and the first order models may reside at Internet server sites. In this configuration, an Internet user may request hypotheses 
from such remote first order models and perform the remaining processing at his/her node. 

In other embodiments of the present imrention, a fast, abeit less accurate loation estimate may be initially performed for 

20 very time critical location applications where approximate k»cation information may be required. For example, less than i second 
response for a mobile station location embodiment of the present invention may be desired for 911 emergency response location 
requests. Subsequently, once a relatively coune location estimate has been provided, a more accurate most likely location estimate 
can be performed by repeating the location estimation processing a second time with, e.g., additional with measurements of wireless 
signals transmitted between a mobile station to be located and a network of base stations with which the mobile station is 

25 communicating, thus providing a second, more accurate location estimate of the mobile station. 

Additionally, note that it is within the scope of the present invention to provide one or more cemral location development 
sites that may be networked to. for example, geographically dispersed location centers providing tocation services according to the 
present invention, wherein the FOMs may be accessed, substituted, enhanced or removed dynamically via network conneaions (via, 
e.g, the Internet) with a central tocation development site. Thus, a small but rapkfly growing municipality in substantially flat low 

30 density area might initially be provided with access to. for example, two or three fOhs for generating location hypotheses in the 
municipality's relatively uncluttered radio signaling environment. However, as the population density increases and the radio 
signaling environment becomes cluttered by, for example, thermal noise and multipath, additional or alternative fOMs may be 
transferred via the network to the location center for the municipality. 
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Note that in some emtM)diinenu of the present invention, since there a tack of sequencing between the f OHs and 
subsequent processing of location hypotheses, the FOHs can be incorporated into an expert system, if desired, for example, each FOM 
may be aaivated from an antecedent of an expert system rule. Thus, the antecedent for such a rule can evaluate to TRUE if the FOM 
outputs a location hypothesis, and the consequent portion of such a rule may put the output location hypothesis on a list of location 
hypotheses occurring in a particular time window for subsequent processing by the location center. Alternatively, aaivation of the 
rOMs may be in the consequents of such expert system rules. That is, the antecedent of such an expert system rule may determine if 
the conditions are appropriate for invoking the FOM($) in the rule's consequent. 

Of course, other software architectures may also to used in implementing the processing of the location center without 
departing from scope of the present invention. In particular, object-oriented architeaures are also within the scope of the present 
invention. For example, the FOMs may be objea methods on an MS location estimator objert, wherein the estimator object receives 
substantially all target MS location signal data output by the signal filtering subsystem. Alternatively, software bus architeaures are 
contemplated by the present invention, as one skilled in the art will understand, wherein the software architecture may be modular 
and facilitate parallel processing. Further features and advantages of the present invention are provided by the figures and detailed 
description accompanying this invention summary. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I illustrates various perspectives of radio propagation opportunities which may be comidered in addressing correlation 
with mobile to base station ranging. 

Fig. 2 shows aspects of the two-ray radb propagation model and the effeas of urten clutter. 
Fig. 3 provides a typical example of how the statistical power budget is calculated in design of a Commertial Mobile ftad io 
Servke Provider network. 

fig. 4 illustrates an overall view of a wireless radio location network architerture. based on AIN principles. 

Fig. 5 is a high level block diagram of an embodiment of the present imrention for beating a mobile station (MS) within a 
radio coverage area for the present invention. 

Fig. 6 is a high level block diagram of the location center M2. 

Fig. 7 is a high level block diagram of the hypothesis evaluator for the kjcation center. 

fig. 8 is a substantially comprehensive high level block diagram illustrating data and control flows between the 
components of the location center, as well the funrtionality of the components. 

Fig. 9 is a high level data structure diagram describing the fields of a location hypothesis objea generated by the first 
order models 1224 of the location center. 

Fig. 10 is a graphical illustration of the computation performed by the most likelihood estimator 1344 of the hypothesis 

evaluator. 

fig. II is a high level block diagram of the mobile base station (MBS). 

Fig. 12 is a high level state transition diagram describing computational states the Mobile Base station enters during 

operation. 

f ig. 1} is a high levf I diagram Illustrating the dau struauial organiiation o( th« Mobile Base station capabilit/ (or 
autonomousbr determining a most likely HBS loatioo (rom a pluralitx oi potentially tonfliaing MBS toation estimating sources. 

fig. 14 shows one method of modeling COMA delay spread mtasurtmem ensembles and interfacing such signals to a typical 
anificial neural network based fOH. 

fig. IS illustrates the nature of Rf "Dead Zones" . notch area, and the importance of including tocation data signatures 

from the back side of radiating elements. 

Figs. 16a through 16c present a table providing a brief description of the attributes of the location signature daU type 
stored in the location signature data base 1320. 

Figs. 17a through 17c present a high level flowchart of the steps performed by functwn, "UPDATE_LOC_SIG DB," for 
updating location signatures in the location signature dau base 1320: note, this ftewchart corresponds to the description of this 
funaion in APPENDIX C 
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Figs. 18a through Idb prwcnt a high level flowchart of the steps performed by funaion, **REDUCE JAD_DB_LOC SIGS." 
for updating location signatures in the location signature data base 1320; note, this flowchart corresponds to the description of this 
function in APPENDIX C 

Figs. 19a through 19b present a high level flowchart of the steps performed by function, 
-|NCREASE_CONFIDENCE_OF_C00D_DB_L0C_SIGS,^ for updating location signatures in the location signature data base 1320; 
note, this flowchart corresponds to the description of thii function in APPENDIX C 

Figs. 20a through 2Dd present a high level flowchart of the steps performed by function, 
-DETERMINEJOCATIONJIGNATURE JlTJRRORSr for updating location signatures in the location signature data base 1320; 
note, this flowchart corresponds to the description of this f unaton in APPENDIX C 

Fig. 21 presenu a high level flowchart of the steps performed by function, **ESTIMATE_LOCJIG_f ROM_DB." for updating 
location signatures in the location signature data base 1320; note, this flowchart corresponds to the description of this funrtion in 
APPENDIX C 

Figs. 22a through 22b present a high level flowchart of the steps performed by funrtion, "GET_AREA TO SEARCH." for 
updating location signatures in the location signature data base 1320; note, this flowchart corresponds to the description of this 
funrtion in APPENDIX C. - 

Figs. 23a through 23b present a high level flowchart of the steps performed by funrtion, 
-GET_DIFFEREHCE_MEASUREMENT; for updating loation signatures in the location signature data base 1320; note, this flowchart 
corresponds to the description of this funrtion in APPENDIX C 

Fig- 24 is a high level illustration of context adjuster data sirtJrtures and their relationship to the radio coverage area for 
the present invention; 

Figs. 25a through 25b present a high level flowchart of the steps performed by the funrtion. "CONTEXT ADJUSTER," used 
in the context adjuster 1326 for adjusting mobile station estimates provided by the fint order models 1224; this flowchart 
corresponds to the description of this function in APPENDIX 0. 

figs. 26a through 26c pmm a high level flowchart of the steps performed by the funrtion. 
"GET_ADJUSTED_lOC_HYP_LlST_fOR," used in the context adjuster 1326 for adjusting mobile station estimates provided by the 
firu order models 1224; this flowchart corresponds to the description of this funrtion in APPENDIX D. 

Figs. 27a through 27b present a high level flowchart of the steps performed by the fumiion, "CONFIDENCE_ADJUSTER." 
used in the context adjuster 1326 for adjusting mobile station estimates provided by the first order models 1224; this flowchart 
corresponds to the description of this funrtion in APPENDIX D. 

Fig. 28a and 28b presenu a high level flowchart of the steps performed by the funrtion. 
-GET_C0MP0SITE_PREDimON_MAPPED_CLUSTER_0EKSrTY." used in the context adjuster 1326 for adjusting mobile station 
estimates provided by the first order models 1224; this flowchart corresponds to the description of this function in APPENDIX D. 
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f fgj. 29a through 29h present a high level flowchart of the steps performed by the f unaion, 
-GET JREDiaiON.HAPPEDJLUSTBRJEHSinjOr used m 

provided by the first order models 1224; this flowchart corresponds to the description of this funaion in APPENDIX D. 
Fig. 30 illustrates the primary componenu of the signal processing subsystem. 
Fig. 31 illustrates how automatic provisioning of mobile stotton information from multiple CHRS occurs. 
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Detailed Description Introduction 

Various digital wireless communication standards have been introduced such as Advanced Mobile Phone Service (AMPS), Narrowband 
Advanced Mobile Phone Seivice (MAMPS). code division multiple access (COHA) and Time Division Multiple Acceu (TDMA) (e.g.. 
Global Systems Mobile (GSM). These standards provide numerous enhancements for advancing the quality and communication 
capacity for wireless appfications. Referring to CDMA, tbb standard is described in the Telephone Industries Association standard IS- 
95. for frequencies below I GHi. and in J-STD-OOB. the Wideband Spread-Specfrum Digital Cellular System Dual-Mode Mobile 
Station-Base station Compatibility Standard, for frequencies in the \Jt - 1.9 GHz frequency bands. Additionally. CDMA general 
principles have been described, for e>a«iple. in US. Patent 5.109390. Diversny Receiver in a CDMA Cellular Telephone System by 
Gilhousen. There ate numerous advantages of such digital wireless technologies such as COMA radio technology, for example, the 
CDMA spread spearum scheme exploits radio frequency spearal efficiency and isolation by monitoring voice activity, managing two- 
way powercortrol. provision of advanced variable-rate modems and error corrming signal design.and includes inherent resistance 
to fading, enhanced privacy, ami provides for multiple "rake" digital data receivers and searcher receivers for correlation of multiple 
physical propagation paths, resembling maiimum likelihood deteaion. as well as support for multiple base station communication 
with a mobile station, i.e, soft or softer hand-off capability. When coupled with a location center as described herein, substantial 
improvements in nidio location an be achieved. For example, the CDMA spread spearum scheme exploits radio frequency spectral 
efficiency and isolation by monitoring voice aaivity. managing two-way powertontrol, provision of advanced variable-rate modems 
and error correaing signal design, and includes inherem resistance to fading, enhanced privacy, and provides for multiple "rake- 
digital data receivers and searcher receivers for correlation of multiple physical propagation paths, resembling maximum likefihood 
deteaion, as well as suppon for multipk base station communication with a mobile station, iji.. soft hand-off capabifity. Moreover, 
this same advanced radio communication infiastruoure can also be used for enhanced radio location. As a further example, the 
capabilities of IS-41 and AIN already provide a broad-granuhrity of wireless location, as is necessary to, for example, properly direa 
a terminating all to an MS. Such information, originally imended for all processing usage, an be re-used in conjunaion with the 
loation center described herein to provide wireless toation in the large fue, to determine which country, state and city a particular 
MS is bated) and wireless bation in the small (i.e, which loation. plus or minus a few hundred feet within one or more base 
stations a given MS is loated). 

fig. 4 is a high level diagram of a wireless digital radioloation intelligent network architeaure for the present invention. 
Accordingly, (his figure illustrates the intercomieaions between the componenu. for example, of a typial PCS network configuration 
ami various components that are specific to the present invention. In partiaibr, as one skilled in the art will understand, a typical 
wireless (PCS) networii includes: 

{a)a(large) plurality of conventional wireless mobile stations (MSs) 140 for at feast one of voice related communiation. 

visual (e.g, text) related communiation. and according to present invention, loation related communiation; 
(b) a mobile switching center (MSC) 1 12; 
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(c) a plurality of wirelejs all sites in a radio coverage area 120, wherein each cell site includes an infrastrurture base 
station such as those labeled 122 (or variations thereof such as I22A - 1220). In particular, the base stations 122 
denote the standard high traffic, faed location base stations used for voice and data communication with a plurality 
of MSs 140. and. according to the present invention, also used for communication of information related to locating 
such MSi 140. Additionally, note that the base stations tabefed 152 are more directly rotated to wireless location 
enablement hr example, as dcttribed in greater detail hereinbebw, the base Jiatbns 152 may be low cost, low 
functionality transponders that are used primarily in communicadng MS location related information to the location 
center 142 (via base stations 122 and the HSC 112). Note that untess stated otherwise, the base stations 152 will be 
referred to hereinafter as **location base station(j) 152" or simply •'LBS{$) 152"); 

(d) a public switched telephone network (PSTN) 124 (which may include signaling system links 106 having network 
control components such as: a service control poim (SCP) 104 . one or more signaling transfer points (STPs) 1 10. 

Added to this wireless network, the present invention provides the following additional components: 
(10.1) a location center 142 which is required for determining a location of a target MS 140 using signal charaaeristic values for 
15 this target MS; 

(lOJ) one or more mobile base stations 148 (MBS) which are optional, for physically traveling toward the target MS 140 or 
tracking the target MS; 

(10 J) a plurality of location base stations 152 (LBS) which are optional, distributed within the radio coverage areas 120. each 
LBS 152 having a relatively small MS 140 detection area 154; 

Since location base stations can be located on potentially each floor of a multi-story building, the wireless location 
technology described herein an be used to perform location in terms of height as well as by laritude and longitude. 

In operation, the MS 140 may utilize one of the wireless technologies. CDMA, TDHA. AMPS, NAMPS or GSM techniques for 
radio communication with: (a) one or more infrauruaure base stations 122, (b) mobile base station($) 148 , (c) an LBS 152. 

Referring to fig. 4 again, additional detail is provided of typical base station coverage areas, seaoriiation. and high level 
componenu within a radio coverage area 120. including the MSC 1 12. Although base stations may be placed in any configuration, a 
typical deployment configuration is approximately in a cellular honeycomb pattern, although many praaical tradeoffs exist, such as 
site availability, versus the requirement for maximal terrain coverage area. To illustrate, three such exemplary base stations (BSs) 
are 122A, I22B and i22C, each of which radiate referencing signab whhin their area of coverage 169 to facilitate mobile station (MS) 
140 radio frequency connectivity, and various timing ami synchronization functions. Note that some base stations may contain no 
sectors 130 (e.g. I22E). thus radiating and receiving signals in a 360 degree omnidirectional coverage area pattern, or the base 
station may contain "smart antennas" which have specialized coverage area patterns. However, the generally most frequent base 
stations 122 have three seaor 130 coverage area patterns. For example, base station I22A includes seaors 130. additionally labeted 
a. b ami c. Accordingly, each of the seaors 130 radiate ami receive signals in an approximate 120 degree arc. from an overhead view. 
As one skilled in the art will understand, actual base station coverage areas 169 (styfistially represented by hexagons about the base 

26 



20 



25 



30 



wo 98/10307 PCT/US97/15892 
stattolu 122) generally are designed to overlap to some extent, thus ensuring seamless coverage in a geographical area. Control 
electroniu within each base station 122 are used to communicate with a mobile stations 140. Information regarding the coverage 
area for each sertor 130. such as iu range, area, and "holes" or areas of no coverage (within the radio coverage area 120). may be 
known and used by the location center 142 to facilitate location determination. Further, during communication with a mobile station 
140, the identification of each base station 122 communicating with the MS 140 as well, as any sector identification information, may 
be itnown and provided to the location center 142. 

In the case of the base station types 122, 148, and 152 communication of location information, a base station or mobility 
controller 174 (BSC) controls, processes and provides an interface between originating and terminating telephone calls f romAo 
mobile station (MS) 140, and the mobile switch center (MSQ 1 12. The M$C 122. on-the-other-hand, performs various administration 
functbns such as mobile station 140 registration, authentication and the relaying of various system parameters, as one sicilled in the 
art will understand. 

The base stations 122 may be coupled by various transport facilities 176 such as leased lines, frame relay. T-Carrier links, optical 
fiber links or by microwave communication links. 

When a mobile station 140 (such as a CDMA. AMPS, NAMPS mobile telephone) is powered on and in the idle state, it constantly 
monitors the pilot signal transmissions from each of the base stations 122 located at nearby cell sites. Since base station/seaor 
coverage areas may often overlap, such overlapping enables mobile stations 140 to detcrt, and. in the ase of certain wireless 
technologies, communicate simultaneously along both the forward and reverse paths, with multiple base stations 122 and/or seaors 
130. In Fig. 4 the constantly radiating pilot signals from base station sectors 130. such as sectors a, b and c of B5 I22A. are detectable 
by mobile stations 140 within the coverage area 169 for BS 122A. That is. the mobile stations 140 san for pilot channels, 
corresponding to a given base station/seaor identifiers (IDs) . for determining which coverage area 169 (i.e., cell) it is contained. 
This is performed by comparing signals strengths of pilot signals transmitted from these particular cell-sites. 

The mobile station 140 then initiates a registration request with the MSC 112, via the base station controller 174. The MSC 1 12 
determines whether or not the mobile station 140 is allowed to proceed with the registration process (except in the case of a 91 1 call, 
wherein no registration process is required). At this point calls may be originated from the mobile sution 140 or calls or short 
message service messages can be received from the network. The MSC 1 12 communicates as appropriate, with a class 4/5 wireline 
telephony circuit switch or other central offices, connected to the PSTN 124 network. Such central offices connea to wireline 
terminals, such as telephones, or any communication device compatible with the line. The PSTN 124 may also provide conneaions to 
long distance networks and other networics. 

The MSC 112 may also utilize IS/41 daucircuiuortn/nb conneaing to signal transfer point 110, which in turn conneas 
to a service control point 104, via Signaling System #7 (SS7) signaling.links (€.g., trunks) for intelligem call processing, as one 
skilled in the art will understand. In the case of wireless AIN services such links are used for call routing instruaions of calls 
interaaing with the MSC 112 or any switch apable of providing service switching point functions, and the public switched telephone 
network (PSTN) 124, with possible termination back to the wireless network. 
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Referring to fig. 4 again, the location center (LQ 142 interfaces witti the «SC I !2 either via dedicated transport facirrtres 
178. using for example, any number of UN/WAN technologies, such as Ethernet, fast Ethernet, frame relay, virtual private networks, 
etc. or via the PSTN 124. The LC 142 receives autonomous (e.g.. unsolidted) command/response messages regarding, for example: 
(a) the state of the wireless network of each service provider, (b) MS 140 and BS 122 radio frequency (RF) measurements, (c) any 
MBSs 148, (d) location applications requesting MS locations using the location center. Comfersely, the LC 142 provides data arKf 
control information to each of the above components in (a) - (d). Additionally, the LC 142 may provide loation informatbn to an 
MS 140. via a BS 121 Moreover, in the case of the use of a mobile base station (MBS) 148. several communications paths may exist 
with the ICI42. 

The MBS 148 aos as a low cost, parttally.funaional. moving base statbn. and is. in one embodiment, situated in a vehicle 
where an operator may engage in MS 140 searching and tracking activities. In providing these aaivities using COMA, the MBS 146 
provides a forward link pilot channel for a target MS 140. and subsequently receives unk)ue BS pilot strength measurements imm the 
MS 140. The HBS 148 alio includes a mobile station for data communicatton with the LC 142, via a BS 122. In particular, such data 
communication includes telemetering the geographic position of the HBS 148 as well as various RF measurements related to signals 
received from the target MS 140. in some embodiments, the MBS 148 may also utilize multiple-beam fixed antenna array elemenu 
and/or a moveable narrow beam antenna . such as a microwave dish 182. The antennas for such embodiments may have a known 
orientation in order to further deduce a radio location of the ta^et MS 140 with respect to an estimated current tocation of the MBS 
1 48. As will be described in more detail herein below, the MBS 148 may further contain a global positioning system (GPS), distance 
seniors, dead-reckoning elearonia. as well as an on-board computing system and display devices for locating both the MBS 148 of 
itself as well as tracking and locating the target MS 140. The computing and display provides a means for communicating the 
position of the target MS 140 on a map display to an operator of the MBS 148. 

Each location base station (IBS) 152 is a low cost tocation device. Each such LBS 152 communicates with one or more of 
the infrastruaure base stations 122 using one or more wireless technology interface standards. In some embodimenu. to provide 
such LBS's cost effectively, each LBS 152 only partially or minimally supports the air-interiace standards of the one or more wireless 
technologies used in communicating with both the BSs 122 and the MSs 140. Each LBS 152. when put in service, is placed at a faed 
location, such as at a traffic signal, lamp post, etc. and wherein the location of the LBS may be determined as accurately as. for 
example, the aauracy of the locations of the infrastruaure BSs 122. Assuming the wireless technology CDMA is used, each BS 122 
uses a time offset of the pilot PN sequence to identify a forward CDMA pilot channel. In one embodiment, each LBS 152 emits a 
unique, time-offset pilot PN sequence channel in accordance with the COMA standard in the RF spearum designated for BSs 122, such 
that the channel does not interfere with neighboring BSs 122 cell site channels, nor would it interfere with neighboring LBSs 152. 
However, as one skilled in the art will understand, time offsets, in COMA chip sizes, may be re-used within a PCS system, thus 
providing efficient use of pilot time offset chips, thereby achieving spectrum efficiency. Each LBS 152 may also contain multiple 
wireless receivers in order to monitor transmisswns from a target MS 140. Additionally, each LBS 152 contains mobile station 140 
electronics, thereby allowing the LBS to both be controlled by the LC 142, and to transmit information to the LC 142. via at least one 
neighboring BS 122. 
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As mentioned above, when the tocation of a particular target M5 140 is desired, the IC 142 can request location 
information about the target MS 140 from, for instance, one or more activated LBSs 152 in a geographical area of interest. 
Accordingly, whenever the target MS 140 is in such an area, or is suipeaed of being in the area, either upon command from the LC 
142, or in a substantially continuous fashion, the LBS's pilot channel appean to the target MS 140 as a potential neighboring base 
sution channel, and consequently, is placed, for example, in the CDMA neighboring set, or the CDMA remaining set. of the target MS 
140 (as one familiar with the CDMA standards will undentand). 

During the normal COMA pilot search sequence of the mobile station initialiiation state (in the target MS), the target MS 
140 will, if within range of such an aaivated LBS 152, detect the LBS pilot presence during the CDMA pilot channel acquisition 
substate. Consequently, the target MS 140 performs RF measurements on the signal from each detected LBS 152. Similarly, an 
aaivated LBS 152 can pcriorm RF measuremenu on the wireless signals from the target MS 140, Accordingly, each LBS (52 detecting 
the target MS 140 may subsequently telemeter back to the LC 142 measuremem results related to signals fromAo the target MS 140. 
Moreover, upon command, the target MS 140 will telemeter back to the LC 142 hs own measuremenu of the deteaed LBSs 152. and 
consequently, this new location information, in conjunaion with location related information received from the BSi 122, can be used 
to tocate the target MS 140. 

It should be noted that an LBS 152 will normally deny hand-off requests, since typically the LBS does not require tlie added 
complexity of handling voice or traffic bearer channels, although economics and peak traffic toad conditions would dictate preference 
here. GPS timing information, needed by any CDMA base station, is either achieved via a the inclusion of a tocal GPS receiver or via a 
telemetry process from a neighboring conventional BS 122, which contains a GPS receiver and timing information. Since energy 
requirements are minimal in such an LBS 152, (rechargeable) batteries or solar cells may be used to power the LBS. No expensive 
terrestrial transport link is typically required since two-way communication is provided by the included MS 140 (or an electronic 
variation thereof). Thus, LBSs 152 may be placed in numerous tocations, such as: 

(a) in dense urban canyon areas (e.g., where signal reception may be poor and/or ve7 noisy); 

(b) in remote areas (e.g., hiking, camping and skiing areas); 

(c) along highways (e.g.. for emergency as well as monitoring traffic flow), and their rest stations; or 

(d) in general, wherever more location precision is required than is obtainable using other wireless infrastruaion network 

components. 



Location Center - Network Elements API Description 

A location application programming interface 136 (Fig. 4). or L-API, is required between the location center 142 (LC) and 
the mobile switch center (MSC) network element type, in order to send and receive various control, signals and data messages. The L- 
API should be implemented using a preferably high-capacity physical layer communications interface, such as IEEE sundard B023 
(10 base! Ethernet), although other physical layer interfaces could be used, such as fiber optic ATM, frame relay, etc Two forms of 
API implementation are possible. In the first case the signals control and data messages are realized using the MSC 1 12 vendor's 
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native operations messages inherent in the produa offering, without any special modifications. In the second case the L-API includes 
a full suite of commands and messaging content specifically optimized for wireless location purposes, which may require some, 
although minor development on the part of the HSC vendor. 



Signal Processor Description 

Referring to Fig. 30, the signal processing subsystem recenres control messages and signal measuremenu and transmits 
appropriate control messages to the wireless network via the locatton appliatbni programmmg interface referenced earlier, for 
wireless location purposes. The signal processing subsystem additionally provkies various signal idintification. conditioning and pre- 
processing functions, including buffering, signal type dassification. signal filtering, message control and routing functions to the 
tocation estimate modules. 

There an be several combinations of Delay Spread/Signal Strength sets of measurements made available to the signal 
processing subsystem 20. In some cases the mobile station 140 (Fig. I) may be able to detect up to three or four Pilot Channels 
representing three to four Base Stations, or as few as one Pilot Channel, depending upon the environment Similarly, possibly more 
than one BS 122 can detect a mobile station 140 transmitter signal, as evidenced by the provision of cell diversity or soft hand^iff in 
the CDMA standards, and the fact that multiple CMRS' base station equipment commonly will overlap coverage areas. For each mobile 
station 140 or BS 122 transmitted signal detected by a receiver group at a station, multiple delayed signals, or Tingers" may be 
detected and tracked resulting from muttipath radio propagation conditions, from a grven transmitter. 

In typical spread spectrum diversity CDMA receiver design, the "first" finger represents the most direa. or least delayed 
multipath signal. Second or possibly third or fourth fingers may also be detected and tracked, assuming the mobile station contains a 
sufftcient number of data receiven. Although traditional TOA and TDOA methods would discard subsequent fingers related to the 
same transmitted finger, collection and use of these additional values can prove useful to reduce location ambiguity, and are thus 
colleaed by the Signal Processing subsystem in the Location Center 142. 

From the mobile receiver's perspeaive, a number of combinations of measurements could be made available to the 
Location Center. Due to the disperse and near-random nature of CDMA radio signals and propagation characteristics, traditional 
TOA/TDOA location methods have failed in the past, because the number of signals received in different locations area different. In a 
particularly small urban area, say less than 500 square feet, the number of RF signals and there multipath componenu may vary by 
over 100 percent 

Due to the large capital outlay costs associated with providing three or more overiapping base station coverage signals in 
every possible location, most practical digital PO deployments result in fewer than three base station pilot channels being reportable 
in the majority of location areas, thus resulting in a hirger. more amorphous location estimate. This consequence requires a family of 
tocation estimate tocation modules, each firing whenever suitable data has been presented to a model, thus providing a locatton 
estimate to a backend subsystem which resolves ambiguities. 

In one embodiment of this invcntton using backend hypothesis resolutton. by utilizing existing knowledge concerning base 
station coverage area boundaries (such as via the compilation a RF coverage database - either via RF coverage area simubttons or 
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field teuj), the loation error space is decreased. Negative logic Venn diagrams can be generated which deduaively rule out certain 
location estimate hypotheses. 

Although the forward fink mobile statton*s received relative signal strength (RRSSbj) of detected nearby base station 
transmitter signals can be used direaly by the location estimate modules, the COHA base station's reverse link received relative signal 
strength (RRSSms) of «he detected mobile station transmitter signal must be modified prior to location estimate model use, since the 
mobile station transmitter power level changes nearly continuously, and would thus render relative signal strength useless for 
location purposes. 

One adjustment variable and one faaor value are required by the signal processing subsystem in the CDMA air interface 
case: I.) instantaneous relative power level in dBm (IRPL) of the mobile station transmitter, and 2.) the mobile sution Power Qass. 
By adding the IRPL to the RRSShj, a synthetic relative signal strength (SRSS«) of the mobile station MO signal dcteaed at the BS 122 
is derived, which can be used by location estimate model analysis, as shown below: 

SRSShs = RRSS^s + IRPL {in dBm) 

SRSS^ a correaed indication of the effective path loss in the reverse direaion (mobile station to BS), is now comparable wrtli^RRSSfls 
and can be used to provide a correlation with either distance or shadow fading because it now accounts for the change of the mobile 
station transmitter's power level. The two signals RRSSgj and SRSSm can now be processed in a variety of ways to achieve a more 
robust correlation with disunce or shadow fading. 

Although Rayleigh fading appears as a generally random noise generator, essentially destroying the correlation value of 
either RRSSgs or SRSS^ measurements with distance individually, several mathematical operations or signal processing functions can 
be performed on each measurement to derive a more robust relative signal strength value, overcoming the adverse Rayleigh fading 
effects. Examples include averaging, taking the strongest value and weighting the strongest value with a grearer coefficient than the 
weaker value, then averaging the results. This signal processing technique takes advantage of the faa that although a Rayleigh fade 
may often exist in either the forward or reverse path, it is much less probable that a Rayleigh fade also exists in the reverse or 
forward path, respectively. A shadow fade however, similiarly affcas the signal strength in both paths. 

At this point a COMA radio signal direaion-independent "net relative signal strength measurement" is derived which is 
used to establish a correlation with either distance or shadow fading, or both. Although the ambiguity of either shadow fading or 
distance cannot be determined, other means can be used in conjunaion, such as the fingers of the CDMA delay spread measurement, 
and any other TOA/TDOA calculations from other geographical poinU. In the case of a mobile station with a certain amount of 
shadow fading between its BS 122 (Fig. 2), the first finger of a CDMA delay.spread signal is most likely to be a relatively shorter 
duration than the case where the mobile station MO and BS 122 are separated by a greater distance, since shadow fading does not 
materially affea the arrival time delay of the radio signaL 

By performing a small modification in the control elearonics of the CDMA base station and mobile station receiver 
circuitry, it is possible to provide the signal processing subsystem 20 (reference Fig. 30) within the Location scenter M2 (f ig. 1) with 
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data that uoed the o^e^lW)ne CDHA dehy-ipitad fingers to data receiver corrNpondence. Such additjonal information, in the form 
of additional CONA fingerj (additional multipath) and all auociated detectable pilot channelj. provides new information which is 
used to enhatKe to aauracy of the location Center's loation estimate tocation estimate modules. 

This enhanced capability is provided via a control message, sent from the Location center 142 to the mobile switch center 
12. and then to the hase sution(s) in communication with, or in dose proximity with, mobile sutions 1 40 to be located. Two types of 
loation measurement request control messages are needed: one to rastruct a Urget mobile station 140 fte, the mobile station to be 
looted) to telemeter its BS pilot chamiel measoremenu bade to the prnnary BS 122 and from there to the mobile switdi center 1 12 
ami then to the location system 42. The second control message is sent from the location system 42 to the mobile switch center I r2. 
then to first the primary BS. instructing the primary BS' searcher receiver to output (i.e, return to the initiating request message 
source) the detected target mobile station 140 transmitter CDMA pilot diannel offset signal and their corresponding delay spread 
finger (peak) values and related relative signal strengths. 

The control messages are implemented in standard mobile station 140 and BS 122 CDMA receiven sudi that all data results 
from the search receiver and multiplexed results from the associated data receivers are available for transmission back to the 
Loation (emer 142. Appropriate value ranges are required regarding mobile station 140 parameters T_ADD„ I DROP.. ami the 
ranges and values for the Anive. Neighboring and Remaining Pilot sets registen. held within the mobile station 140 memory. Further 
mobile station 140 receiver deuils have been discussed above. 

In the normal ase without any specific multiplexing means to provide loation measurements, exactly how many COMA 
pitot channels and delay spread fingers an or shoukl be measured vary according to the number of data receivers contained in eadi 
mobile station 140. As a guide, it is preferred that whenever RF diaraaeristics permh, at least three pilot dianneb and the strongest 
first three fingen. are collected and processed, from the BS 122 penpective. it is preferred that the strongest first four CDMA delay 
spread fingers and the mobile station power level be collected and sent to the bation system 42. for each ol preferably three BSs 122 
which can detea the mobile station 140. A much larger combination of measurements is potentially feasible using the extended data 
colleaion apability of the CDMA receivers. 

Fig. 30 illustrates the componems of the Signal Processing Subsystem. The main components consist of the input queue(s) 
7, signal classifier/filter 9. digital signafing processor 17, imaging fihen 19, output qutue(s) 21, router/distributor 23. a signal 
processor database 26 and a signal processing controller 1 5. 

Input queues 7 are required in order to stage the rapid accepunce of a signifiant amount of RF signal measurement data, 
used for either kiation estimate purposes or to accept autonomous loation data. Each loation request using fixed base sutions 
may, in one embodiment, contain from I to 126 radio frequency measurements from the mobile station, which translates to 
approximately 61.44 kilobytes of signal measurement data to be collected within 10 seconds ami 128 measurements from each of 
possibly four base stations, or 245.76 kilobytes for all base stations, for a total of approximately 640 signal measurements from the 
five sources, or 307 J kilobytes to arrive per mobile sution loation request in 10 seconds. An input queue storage space is assigned at 
the moment a location request begins, in order to establish a formatted data structure in persistent store. Depending upon the 
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urgency of the time required to render a bcation estimate, fewer or more lignal measurement samples can be taken and stored in the 
input queue (j) 7 accordingly. 

The signal processing subsystem supports a variety of wireless network signaling measurement apabilities by deteaing the 
capabilities of the mobile and base station through messaging struaures provided bt the location application programming interface. 
Detertion b accomplished in the signal classifier 9 (Fig. 30) by referencing a mobile station database table within the signal processor 
database 26, which provides, given a mobile station identification number, mobile station revision code, other mobile station 
charaacrsitics. Similiarly. a mobile switch center table 31 provides HSC characteristics and identifications to the signal classifier/filter 
9. The signal classifier/niter adds additional message header information that further classifies the measurement data which allows 
the digital signal processor and image filter componenu to selea the proper internal processing subcomponents to perform 
operations on the signal measuremem data, for use by the location estimate modules. 

Regarding service control point messages autonomously received from the input queue 7. the signal classifier/niter 9 
detemines via a signal processing database 26 query that the message is to be associated with a home base station module. Thus 
appropriate header information is added to the message, thus enabling the message to pass through the digital signal processor 17 
unaffected to the output queu 21. and then to the router/distributor 23. The router/distributor 23 then routes the message to the HBS 
first order model. Those skilled in the art will understand that associating location requests from Home Base Station configurations 
require substantially less data: the mobile identification number and the associated wireline telephone number transmission from the 
home location register are on the order of less than 32 bytes. Consequentially the home base stotion message type could be routed 
without any digital signal processing. 

Output queue($) 21 are required for similar reasons as input queues 7: relatively large amounts of data must be held in a specific 
format for further location processing by the bcation estimate modules. 

The router and distributor component 23 is responsible to direaing specific signal measurement data types and structures 
to their appropriate modules. For example, the HBS fOM has no use for digital filtering struaures. whereas the TOGA module would 
not be able to process an HBS response message. 

The controller 15 is responsible for suging the movement of data among the signal processing subsystem 20 components input queue 
7, digital signal processor 17. router/distributor 23 and the output queue 21, and to initiate signal measurments within the wireless 
network, in response from an internet 166 location request message in Fig. I, via the location appliation programming interface. 

In addition the controller 15 receives autonomous messages from the MSC , via the location applications programming 
interface (Fig. I) or L-API and the input queue 7. whenever a 9-1 -I wireless call is originated. The mobile switch center provides this 
autonomous notification to the location system as follows: By specifiying the appropriate mobile switch center operations and 
maintenance commands to surveil calls based on certain digits dialed such as 9-M. the location applications programming interface, 
in communications with the MSCs, receives an autonomous notification whenever a mobile station user dials 9-1-1. Specifically, a bi- 
directional authorized communications port is configured, usually at the operations ami maintenance subsystem of the MSCs. or with 
their associated network element manager $ystem(s). with a data circuit, such as a 0$-l , with the loution applications programming 
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interface ia Fig. I. Ne»t. the "all traa" apability of ibe mobile switch anter ij aairaied for the respeaive communications port. 
The exact imptementation of the vendor-specinc man-nachine or Open Syjtenu Interface (OSI) con«nand$(s) and their associated 
data stmanres gentrallx vary an»ng MSC vendors, howeverthe trace function Is general^ avaibbte in various forms, and b required 
in order to compljr vfith Federal Bureau of Investigation authorities for wire tap purposes. After the appropriate surveillance 
commands are established on the HSC. such 9-1-1 call notifications messages containing the mobile station identification number 
(NIN) and. io phase I EM-I impbmentatiom, a pseudo-automatic number identication (aJu. pANI) which provides an association 
with the prima7 base station in which the 9-1-1 caller b in commonicaiton. In cases where the pANI is kmmn frvm the onset, the 
signal processing subsystem avoids queoring the HSC in question to determine the primary base station Identification associated with 
the 9-1-1 mobile smion caller. 

After the signal processing controller 15 receives the first message type, the autonomous notification message from the 
mobile swiKh center 112 to the location system 42. containing the mobile identification number and optionally the prima^ base 
station identification, the controller 15 queries the base station table 13 in the signal processor database 26 to determine the sutus 
and availability of any neighboring base stations, including those base stations of other CMR5 in the ana. The definition of 
neighboring base stations Include not only those within a provisionable "hop" based on the cell design reuse faaor, but also includes, 
in the ase of CDHA, results from remaining set informatfon autonomously queried to mobile smions. with lesulu stored In the base 
station table. Remaining set information imiicates that mobile stations can detea other base station (seaor) pilot channels which 
may exceed the "hop" distance, yet are nevertheless candidate base stations (or secton) (or wireless location purposes. Although 
cellular and digital cell design may vary, "hop" distance is usually one or two cell coverage areas away from the primary base 
station's cell coverage area. 

Having determined a likely set of base stations which may both detect the mobile sution's transmitter signal, as well as to 
determine the set of likely pibt channels (i.e, base stations and their associated physical antenna seaors) detectable by the mobile 
station in the area surrounding the primary base station (sector), the controller IS initiates messages to both the mobile station and 
appropriate base stations (seaors) to perform signal measuremenu and to return the results of such measuremenu to the signal 
processing system regarding the mobile nation to be located. This step may be accomplished via several interface means. In a first 
case the controller 15 utilizes, for a given HSC. predetermined storage information in the HSC table 31 to determine which type of 
commands, such as man-machine or OSI commandsare needed to request such signal measrurements for a given HSC. The controller 
generates the mobile and base station signal measurement commands appropriate (or the HSC and passes the commands via the 
input queue 7 and the locations appliatbn programming interface in Fig.l, to the appropriate HSC, using the authorized 
communications port mentioned earlier. In a second case the controller 15 communicates directly with base stations within having to 
interface direaly with the MSC for signal measurement eitranion. 

Upon receipt of the signal measurements, the signal classifier 9 in fig. 30 examines location application programming 
Inttrface-provided message header infommion from the source of the location measurement (for example, from a fixed BS 122. a 
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mobile station 140. a distributed antenna system 168 In Fig. I or message loation data telaied to a home base station), provided by 
the location applications piogiamming imeiface (UP!) via the input queue 7 in fig. 30 and determines whether or not device filten 
17 or image filters 1 9 aie needed, and assesses a relative priority in processing, such as an emergency venus a background location 
task, in teims of grouping like data associated with a given tocation request In the case where multiple signal measunimeni requests 
are outstanding for various base stations, some of which may be associated with a different CMRS network, and additional signal 
classifier funnion includes sorting and associating the appropriate incoming signal measurements together such that the digital 
signal processor 17 processes related measurements in order to build ensemble data sets. Sudi ensembles allow for a variety of 
funct-rcns such as averaging, outlier removal over a timeperiod, and related filtering functions, and further prevent association errors 
from occuring in loation estimate processing. 

Another function of the signal dassifier/low pass flher component 9 is to filter information that is not useable, or 
infonnation that touM introduce noise or the effect of noise in the bcation estimate modules. Consequently low pass matching filters 
are used to match the In^ommon signal processing components to the charaaeristics of the incoming signals, low pass filters match: 
Mobile Station, base station. CMRS and MSC charaaeristics, as wall as to cbssily Home Base Station messages. 

The signal processing subsystemcontains a base sution database table 13 (Fig. 30) which captures the maximum number 
of COMA delay spread fingers for a given base station. 

The base station identification code, or CLLI or common language level identification code is useful in identifying or 
relating a human-labeled name deKriptorto the Base Station. Latitude, longitude and elevation values are used by other subsystems 
in the location system for calibration and estimation purposes. As base stations and/or recenrer charaaeristics are added, deleted, or 
chariged with respea to the network used for location purposes, this database table must be modified to reflea the current network 
configuration. 

Just as an upgraded base station may detea additional CDHA delay spread signals, newer or modified mobile stations may 
detea additnnal pilot channels or CDMA delay spread fingers. Additnnally different makes and models of mobile stations may 
acquire improved receiver sensitivities, suggesting a greater coverage capability. The ubie betow esublishes the relationships among 
various mobile station equipment suppliers and certain technical dau relevant to this tocarion imrention. 

Although not strialy necessary. The MIM an be populated in this table from the PCS Service Provkler's Customer Care 

systemduringsubscriberaaivation ami fulfillment, and could be changed at deaalvation,oranytime the end-user changes mobile 
stations. Alternatively, since the «IN. manufaaurer. model number, and software revision level information is available during a 
telephone call, this information couM extraaed during the call, and the remaining fields populated dynamically, based on 
manufaaurer-s- specifiations infonnation previously stored in the signal processing subsystem 20. Default values are used in cases 
where the HIN is not found, orwhere certain infonnation must be estimated. 

A tow pass mobile siatkin filter, contained within the signal classifier/low pau filter 9 of the signal processing subsystem 
20, uses the above table data to perf.nn the following funaions: I) a« as a low pass filter to adjust the nominal assumptK,ns relat«f 
to the maximum number of CDMA fingers, pilots deteoable; and 2) to detennine the transmit power class and the receiver thermal 
noise Itoor. Given the deteaed reverse path signal strength, the required value of SRSS„, a coneaed indication of the effective path 

3S 



wo 98/10307 PCT/US97/15892 

low in the revene direaion (mobile jtatbn to BS), an be alculated based data contained within the mobile station table 1 1 . stored 
in the signal processing database 26. 

The effects of the maximum Number of COMA fingers allowed and the maximum number of pilot channels allowed 
essentially form a low pass filter effect, wherein the least common denominator of characteristia are used to filter the incoming RF 
5 signal measurements such that a one (or one matching occur. The effea of the transmit power class and receiver thermal noise floor 
values is to m)rmarize the characteristia of the incoming RF signals with respect to those RF signals used. 

The signal classiTicr/niter 20 is in communication whh both the input queue 7 and the signal processing database 26. In 
the early stage of a location request the signal processing subsystem 142 in Fig. 4, will receive the initiating location request from 
either an autonomous 9-1-1 notincation message from a given HSC, or from a tocation application (for example, see Fig. 36), for 

1 0 which mobUe station charaaeristics about the target mobile station 140 (Fig. I) is required. Referring to Fig. 30, a query is made 
from the signal processing controller 15 to the signal processning database 26, specifically the mobile station table I Mo determine if 
the mobile station charaaeristia associated with the HIN to be located is available in table H. if the data exists then there is no need 
for the controller 15 to query the wireless network in order to determine the mobile station characteristia, thus avoiding additional 
real-time processing which would otherwise be required across the air interface, in order to determine the mobile station MIN 

1 5 charaaeristia. The resulting mobile station information my be provided cither via the signal processing database 26 or alternatively 
a query may be performed direaly from the signal processing subsystem 20 to the MSC in order to determine the mobile station 
charaaeristia. 

Referring now to Fig. 31. a location application programming interface, L-APl-CCS 139 to the appropriate CHRS customer 
are system provides the mechanism to populate and update the mobile station table II within the database 26. The L-APt-CQ 139 

20 contains its own set of separate input and output queues or simitar implementations and security comrols to ensure that provisioning 
data is not sent to the incorrea CHRS, and that a given CMRS annot access any other CHRS* data. The interface 1 1 55a to the 
customer care system for CMR$-A 1 150a provides an autonomous or periodic notification and response application layer protocol 
type, consisting of add, delete, change and verify message f unoions in order to update the mobile starion table 1 1 within the signal 
processing database 26. via the controller 15, A similar interface 1 155b is used to enable provisioning updates to be received from 

25 CMRS-B customer care system 1 150b. 

Although the L-APl-CQ application message set may be any protocol type which supports the autonomous notification 
message with positive acknowledgment type, the TIM1.5 group within the Amerian National Standards Institute has defined a good 
starting point in which the l-API-CCS could be implemented, using the robust OSI TMN X-interface at the service management layer. 
The objea model defined in Standards proposal number TlMli/96.22R9. Operations Administration, Maintenance, and ProvUioning 

30 (OAM&P) - Model for Interface Across Jurisdiaional Boundaries to Support Elearonic Access Service Ordering: Inqui^ Funaion, can 
be extended to support the l-AP(-CCS information elements as required and further discussed below. Other choices in which the L- 
APl-CCS application message set may be implemented include ASCII, binary, or any enc^pted message set encoding using the Internet 
protocols, such as TCP/IP. simple network management protocol, http, https, and email protocols. 
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Referring to the digital signal processor (DSP) 17. in communication with the signal classificrAP filter 9, the DSP 17 
provides a time series expansion method to comren non-HBS data from a format of an signal measure data ensemble of time-series 
based radio frequency data measurements, collected as discrete time-siice samples, to a three dimensional matrix location data value 
image representation. Other techniques further filter the resultant image in order to furnish a less noisy training and actual data 
sample to the location estimate modules. 

After 128 samples (in one embodiment) of data are collected of the delay spread-rebtive signal strength RF data 
measurement sample: mobile station RX for BS-I and grouped into a quantization matrix, where rows constitute relative signal 
strength intervals and columns define delay intcivals. As each measurement row, column pair (which could be represented as a 
complex number or Cartesian point pair) is added to their respeaive values to generate a I direaion of frequency of recurring 
measurement value pairs or a density recurrence function. By next applying a grid funaion to each x, y, and i value, a three- 
dimensional surface grid is generated, which represents a location data value or unique print of that 128-sample measurement. 

In the general case where a mobile station is located in an environment with varied clutter patterns, such as terrain 
undularions, unique man-made struaure geometries (thus creating varied multipath signal behavion), such as a city or suburb, 
although the first COMA delay spread finger may be the same value for a fixed distance between the mobile sution and BS antennas, 
as the mobile station moves across such an arc, different finger-data are measured. In the right image for the defirJed BS antenna 
sector, loation classes, or squares numbered one through seven, are shown across a particular range of line of position (LOP). 

A traditional TOA/TDOA ranging method between a given BS and mobile station only provides a range along the arc, thus 
introducing ambiguity error. However a unique three dimensional image can be used in this method to specifically identify, with 
recurring probability, a particular unique location class along the same line Of Position, as long as the multipath is unique by 
position but generally repeatable. thus establishing a method of not only ranging, but also of complete latitude, longitude location 
estimation in a Cartesian space. In other words, the unique shape of the "mountain image" enables a correspondence to a given 
unique location class along a line of position, thereby ehminating traditional ambiguity error. 

Although man-made external sources of interference. Rayleigh fades, adjacent and co<hanneI interference, and variable 
clutter, such as moving traffic introduce unprediaability (thus no "mountain image" would ever be exaaly alike), three basic types 
of filtering methods can be used to reduce matching/comparison error from a training case to a location request case: I.) selea only 
the strongest signals from the forward path (BS to mobile station) and revene path (mobile station to BS), 2.) Convolute the forward 
path 128 sample image with the reverse path 128 sample image, and 3.) process all image samples through various digital image 
filters to discard noise components. 

In one embodiment, comrolution of forward and reverse images is performed to drive out noise. Thb is one embodiment 
that essentially nulls noise completely, even if strong and recurring, as long as that same noise charaaeristic does not occur in the 
opposite path. 

The third embodiment or technique of processing CDMA delay spread profile images through various digital image filters, 
provides a resultant "image enhancement" in the sense of providing a more stable pattern recognition paradigm to the neural net 
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toation evtimate model for example, image histogram eqtalization tan be ujed to rearrange the images' imensrty values, or density 
recurrence values, so that the image's cumubtive histogram is approximately linear. 

Other methods which can be used to compensate for a concentrated histogram include: I ) Input Cropping, 2) Output 
Cropping and 3) Gamma Correction. Equalization and input cropping can provide particularly striking benefits to a CDMA delay 
spread proHle image. Input cropping removes a large percentage of random signal characteristb that are non-recurring. 

Other filters and/or fiker combinations can be used to help distinguish between stationaiy and variable clutter affecting 
multipath signals. For example, it is desirable to reject moltipath fingers associated with variable clutter, since over a period of a few 
minutes such fingen would not likely recur. Further filtering can be used to remove recurring (at least during the sample period), and 
possibly strong but narrow "pencils" of Rf energy. A narrow pencil image componem could be represented by a near perfea reflective 
surface, such as a nearby metal panel truck stopped at a traffic light 

On the other hand. statbna7 clutter objecu. such as concrete and glass building surfaces, adsorb some radiation before 
continuing with a reflected ray at some delay. Such stationa^ clutter-affected CDHA fingers are more likely to pass a 4X4 neighbor 
Median filler as well as a 40 to 50 percent Input Crop filter, and are thus more suited to neural net pattern recognition.. However 
when subjeaed to a 4X4 neighbor Median filter and 40 percent clipping, pencil-shaped fingers are deleted. Other combinations 
include, for example, a 50 percent cropping and 4X4 neighbor median filtering. Other filtering methods include custom linear 
filtering, adaptive (Weiner) filtering, and custom nonlinear filtering. 

The DSP 17 may provide data emserable results, such as extraaing the shortest time delay with a detectable relative signal 
strength, to the router/distributor 23, or alternatively results may be processed via one or more image filten 19. with subsequem 
transmission to the router/distributor 23. The router/distributor 23 examines the processed message data from the DSP 17 and stores 
routing and distribution informarion in the message header. The router/distributor 23 then forwards the data messages to the output 
queue 21, for subsequent queuing then transmission to the appropriate location estimator FOMs. 

LOaTION CENTER HIGH LEVEL FUNaiONALITY 

At a very high level the location center 142 computes location esrimates for a wireless Mobile Station 140 (denoted the 
^'target MS" or "MS**) by performing the following stepj: 

(23.1) receiving signal transmission characteristia of communications communicated between the target MS 140 ami one or 
more wireless infrastruaure base stations 122; 

(23 J) filtering the received signal transmission charaaeristics (by a signal processing subsystem 1220 illustrated in Fig. 5) as 
needed so that target MS location data can be generated that is uniform and consistent with location data generated from other 
target HSs 140. In particular, such uniformity and consistency is both in terms of dau structures and interpretation of signal 
charaaeristic values provided by the MS location data; 
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(23 J) inputting the generated target MS location data to one or more MS location estimating models (denoted First order modeli 
or f OMs, and labeled colleaively as 1224 in Fig. 5). so that each such model may use the input target HS location data for generating 
a "loation hypothesis*' providing an estimate of the location of the target MS MO; 

(23.4) providing the generated location hypotheses to an hypothesis evaluation module (denoted the hypothesis evaluator 1228 in 



(a) for adjusting at least one of the target MS location estimates of the generated loation hypotheses and related 
confidence values indicating the confidence given to each location estimate, wherein such adjusting uses archival information related 
to the accuracy of previously generated location hypotheses, 

(b) for evaluating the location hypotheses according to various heuristics related to, for example, the radio coverage 
arta 120 terrain, the laws of physia. characteristics of likely movement of the target MS 140; and 

(c) for determining a most likely location area for the terget MS 140. wherein the measurement of confidence 

aisflciated with each input MS loation area estimate is used for determining a "most likely location area"; and 

(23.5) outputting a most likely target MS location estimate to one or more appliations 1232 (Fig. 2.0) requesting an estimate of 
the location of the target MS 140. 

Location Hypothesis Data Representation 

In order to describe how the steps (23.1) through (23.5) are performed in the smions below, some introductory remarks 
related to the data denoted above as location hypotheses will be helpful. Additionally, it will also be helpful to provide imroductory 
remarks related to historical location data and the data base management programs associated therewith. 

For each target MS tocation estimate generated and utilized by the present invention, the location estimate is provided in a 
data struaure (or object class) denoted as a "location hypothesis'* (illustrated in Table LH-I). Although brief descriptions of the data 
fields for a location hypothesis is provided in the Table IH-I, many fields require additional explanation. Accordingly, location 
hypothesis data fields are further described as noted bebw. 



Fig. 5): 



Table LH-I 



FOM ID 



First order model ID (providing this Location Hypothesis); note, since it is possible for location 
hypotheses to be generated by other than the f OMs 1224. in general, this field identifies the 
module that generated this location hypothesis. 



MS ID 



The identification of the target MS 140 to this location hypothesis applies. 



ptest 



The most likely location point estimate of the target MS 140. 



valid^pt 



Boolean indicating the validity of "pt_est**. 



39 



wo 98/10307 


PCT/US97/15892 


area_e$t 


Location Area Estimate of the target HS 140 provided by the f CM. This arta estimate will be 
used whenever "inrage area** below is NULL 


validarea 


Boolean indicating the validity of "area_ejt" (one of "pt_ert" and "area est" must be 
valid). 


adjust 


Boolean (true if adjustments to the fields of this location hypothesis are to be performed in 
the Context adjuster Module). 


pt_cov€ring 


Reference to a substantially minimal area (e.p., mesh cellUoverinpflf"Dt pu" Unto cinro 
' vcii^ iiig ui pi cii . noiCf Since 

this HS MO may be substantially on a ceil boundary, this covering may. in some cases, include 

more than one cell. 


image_area 


Reference to a substantiaJly minimal area (e.g,. mesh cell) covering of "pt_covering" (see 
detailed description of the f unaion. "confidence adiuster"). Note that if this field h nnt 
NULL, then this is the target MS location estimate used by the location center 142 instead of 
"areaest". 


extrapolation_area 


Reference to (if non-NULL) an extrapolated MS target estimate area provided by the loation 
extrapolator submodule 1432 of the hypothesis analyzer 1332. That is. this field. H non-NUU. 
is an extrapolation of the "image_area'* field if it exists, otherwise this field is an 
extrapolation of the "area est" field. Note other extrapolation fields mav also Hp nrovWorf 
depending on the embodiment of the present invention, such as an extrapolation of the 
**pt_covering*'. 


confidence 


A real value in the range [-1.0, + 1.0] indicating a likelihood that the urget MS 140 is in (or 
out) of a particular area. If positive: if "image area" exists, then this is a measure of the 
likelihood that the target MS 140 is within the area represented by "image area", or if 
**image_^area" has not been computed (e^., "adjust" is FALSE), then "area^est" must be 
valid and this is a measure of the likelihood that the target HS 140 is within the area 
represented by "area_e$t". If negative, then "area est" must be valid and this is a measure 
of the likelihood that the target HS 140 is NOT in the area represented by **area est". If it is 
lero (near zero), then the likelihood is unknown. 


Original_Timestamp 


Date and time that the location signature duster (defined hereinbelow) (or this location 
hypothesis was received by the signal processing subsystem 1220, 


Active_Timfi$tamp 


Run-time fieW providing the time to which this location hypothesis has had its MS location 
40 
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estimate($) extrapolated (in the location extrapolator 1432 of the hypothesis analyzer 1332). 
Note that this Held is initialized with the value from the "Original Timestamp" field. 


Processing Tags and environmental 
categorizations 


For indicating particular types of environmental classifications not readily determined by the 
"Original Timestamp" field (e.g., weather, traffic), and restrictions on location hypothesis 
processing. 


loc_$ig_cluster 


Provides access to the collection of ioation signature signal charaaeristics derived from 

communications bstween thp tanr^t Mn ranH thn h^ra a^*^^ t l al* 

•.w<Miiiiiiui(,iuiig uciiTccii iiic idfgti nj iHu ana ine oase station(s} detected by this MS 

(discussed in detail hereinbelow); in particular, the location data accessed here is provided to 

the first order models by the signal processing subsystem 1220; i.e.. access to the "loc sigs" 

(received at "timestamp" regarding the location of the target MS) 


descriptor 


Onginal descriptor (from the First order mode! indicating why/how the Location Area Estimate 
and Confidence Value were determined). 



10 
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As can be seen in the Table LH-I , each location hypothesis data struaure includes at least one measurement, denoted 
hereinafter as a confidence value (or simply confidence), that is a measurement of the perceived likelihood that an MS location 
estimate in the location hypothesis is an accurate location estimate of the target MS MO. Since such confidence values are an 
important aspert of the present invention, much of the description and use of such confidence values are described below; however, a 
brief description is provided here. Each such confidence value is in the range -I.O to 1.0. wherein the larger the value, the greater the 
perceived likelihood that the target MS 140 is in (or at) a corresponding MS location estimate of the location hypothesis to which the 
confidence value applies. As an aside, note that a location hypothesis may have more than one MS location estimate (as will be 
discussed in detail below) and the confidence value will typically only correspond or apply to one of the MS location estimates in the 
location hypothesis. Further, values for the confidence value field may be interpreted as: (a) -1.0 may be interpreted to mean that 
the urget MS 140 is NOT in such a corresponding MS area estimate of the location hypothesis area, (b) 0 may be interpreted to mean 
that it is unknown as to the likelihood of whether the MS 140 in the corresponding MS area estimate, and (c) + 1.0 may be 
interpreted to mean that the MS 140 is perceived to positively be in the corresponding MS area estimate. 

Additionally, note that it is within the scope of the present invention that the location hypothesis data struaure may also 
iiKlude other related >rception" measurements related to a likelihood of the target MS 140 being in a panicufar MS location area 
estimate, for example, it is within the scope of the present invention to also utilize measurements such as. (a) "sufficiency facton" 
for indicating the likelihood that an MS location estimate of a location hypothesis is sufficient for locating the target MS 140; (b) 
"necessity factors" for indicating the necessity that the target MS be in an particular area estimate. However, to more easily describe 
the present invention, a single confidence field is used having the interpretation given above. 
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Additionally, in utilizing loation hypotheses in, for example, the tocatbn evaluator 1228 as in (23.4) above, it is important 
to keep in mind that each loation hypothesis confidence value is a relative mcasuremenL That b, for confidences, cf, and cfj. if cf, 
< = dj. then for a locauon hypotheses H, and Hj having cf, and cfj. respeaively. the target MS 140 is expected to more likely reside 
in a target MS estimate of Hj than a target MS estimate of H,. Moreover, if an area, A, is such that it is included in a plurality of 
5 location hypothesis urget MS estimates, then a confrdence score, a^, can be assigned to A. wherein the confidence score for such an 
area is a function of the confidences (both positive and negative) for all the location hypotheses whose (most pertinent) target MS 
location estimates contain A. That is, in order to determine a most fikety target MS locatbn area estinaie for outptming from the 
location center 142, a confidence score is determined for areas within the locatwn center service area. More particularly, if a f unaion, 
"r, is a funaion of the conftdence(s) of location hypotheses, and f is a monotonic funaion in its parameters and f (cf ,, cfi, cfj, „ , 
10 dti) = CSi for confidences cf; of location hypotheses H J= 1 ,2,-^N,whha4 contained in the area esti 

denoted a confidence score funaion. Accordingly, there are many embodiments for a confidence score funaion f that may be utilized 
in computing confidence scores with the present invemion; e.g., 

(a) f(cf„cfj,„.cfH) = Scfi = CS,; 

(b) f(cft, cfj, „ . cf,) = S cfi" = CSj. n = 1, 3, 5, „; 

' ^ W Kdi. clj. - . cfw) = S (K, * cf;) = , wherein K;, i = 1 . 2, „ are positive system (tunable) constams (possibly 

dependent on environmental charaaeristia such as topography, time, date, traffic, weather, and/or the type of base station($) 122 
from which location signatures with the target MS 140 are being generated, etc). 

for the present description of the invention, the funaion i as defined in (c) immediately above is utilized. However, for 
obtaining a general understanding of the present invention, the simpler confidence score funaion of (a) may be more useful. It is 

20 important to note, though, that it is within the scope of the present invention to use other functions for the confidence score funaion. 

Coverage Area: Area Types And Their Determination 

The notion of "area type" as related to wirelesi signal transmission charaaeristics has been used in many investigations of 
radio signal transmission charaaeristics. Some investigators, when investigating such signal charaaeristics of areas have used 
somewhat naWe area classifications such as urban, suburban, rural, etc. However, it is desirable for the purposes of the present 
25 invention to have a more operational definition of area types that is more closely associated with wireless signal transmission 
behaviors. 

To describe embodimenu of the an area type scheme used in the present invention, some introduaory remarks are first 
provided. Note that the wireless signal transmission behavior for an area depends on at least the following criteria: 

(23.8.1) substantially invariant terrain characteristics (both natural and man-made) of the area; e.g., mountains, 
30 buildings, lakes, highways, bridges, building density; 

(23.8.2) time varying environmental characteristics (both natural and man-made) of the area; e.g., foliage, traffic, 
weather, special events such as baseball games; 
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(23.83) wirelesj communication componenu or infrajtniaure in the area; e.g^ the arrangement and signal 

communication charaaeristia of the base stations 122 in the area, further, the antenna charaaeristics at the base 
statbns 122 may be important criteria. 

Accordingly, a description oi wireless signal charaaeristics for determining area types could potentially include a 
charaaerization of wireless signaling attributes as they relate to each of the above criteria. Thus, an area type might be: hilly, treed, 
suburban, having no buildings above 50 feet, with base stations spaced apart by two miles. However, a categorization of area types 
is desired that b both more closely tied to the wireless signaling charaaeristia of the area, and is capable of being computed 
substantially automatically and repeatedly over time. Moreover, for a wireless location system, the primary wireless signaling 
charaaeristia for categorizing areas into at least minimally similar area types are: thermal noise and, more importantly, multipath 
charaaeristia (e.g., multipath fade and time delay). 

Focusing for the moment on the multipath characteristia, it is believed that (23.8.1 ) and (23.8.3) immediately above are, 
in general, more important criteria for accurately locating an MS MO than (23.8.2), That U, regarding (23.B.I), multipath tends to 
increase as the density of nearby vertical area changes increases. For example, muhipath is particularly problematic where there is a 
high density of high rise buildings and/or where there are closely spaced geographic undulations. In both cases, the amount of 
change in vertical area per unit of area in a horizontal plane (for some horizontal reference plane) may be high. Regarding (23,83), 
the greater the density of base stations 122, the less problematic multipath may become in locating an MS MO. Moreover, the 
arrangement of the base stations 122 in the radio coverage area 120 in Fig, 4 may affea the amount and severity of multipath. 

Accordingly, it would be desirable to have a method and system for straightforwardly determining area type classifications 
related to multipath, and in particular, multipath due to (23.8.1) and (23.83). The present invention provides such a 
determination by utilizing a novel notion of area type, hereinafter denoted "transmission area type" (or, "(transmission) area type" 
when both a generic area type classification scheme and the transmission area type discussed hereinafter are intended) for classifying 
"similar" areas, wherein each transmission area type class or category is intended to describe an area having at least minimally 
similar wireless signal transmission charaaeristia. That is. the novel transmission area type scheme of the present invention is based 
on: (a) the terrain area classifications; e.g„ the terrain of an area surrounding a target MS 140, (b) the configuration of base stations 
122 in the radio coverage area 120. and (c) characterizations of the wireless signal transmission paths between a target MS 140 
loation and the base stations 122. 

In one embodimem of a method and system for determining such (transmission) area type approximations, a partition 
(denoted hereinafter as Pq) is imposed upon the radio coverage area 120 for partitioning for radio coverage area into subareas. 
wherein each subarea is an estimate of an area having included MS MO locations that are likely to have is at least a minimal amount 
of similarity in their wireless signaling charaaeristia. To obtain the partition Pq of the radio coverage area 120, the following steps 
are performed: 

(23.8.4.1) Panition the radio coverage area 120 into subareas, wherein in each subarea is: (a) conneaed, (b) variations in 
the lengths of chords sectioning the subarea through the centroid of the subarea are below a predetermined 
threshold, (c) the subarea has an area below a predetermined value, and (d) for most locations (e.g., within a first 
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or second deviation) within the subarta whose wireless signaling charaaeristia have been verified, it is likely (e.g., 
within a first or second deviation ) that an MS 140 at one of these locations will detert (fon^ard transmission path) 
and/or will be deteaed (reverse transmission path) by a same collection of base stations 122. For example, in a 
CDMA context, a fint such colleaion may be (for the forward transmission path) the aarve set of base stations 
122. or. the union of the aaive and andidate sets. or. the union of the aaive. candidate and/or remaining sets of 
base stations 122 detected by "most" MSs 140 in . Additionally (or alternatively), a second such colleaion may be 
the base sutions 122 that are expected to detect HSs 140 at locations within the subarea. Of course, the union or 
interseaion of the first and second collcaions is aiso within the scope of the present invention for partitioning the 
radb coverage area 120 according to (d) above. It is worth noting that it is believed that base station 122 power 
levels will be substantially constant. However, even if this is not the case, one or more collertions for (d) above 
may be determined empirically and/or by computationally simulating the power output of each base station 1 22 at 
a predetermined level. Moreover, it is also worth mentioning that this step is relatively straightforward to 
implement using the data stored in the location signature data base 1320 (i.e., the verified location signature 
clusters discussed in detail bereinbelow). Denote the resulting partition here as P,. 
(23.8.4J) Partition the radio coverage area 120 into subareas. wherein each subarea appears to have substantially 
homogeneous terrain charaaeristia. Note, this may be performed periodically substantially automatically by 
scanning radio coverage area images obtained from aerial or satellite imaging. For example. EarthWatch Inc. of 
Longmont, CO can provide geographic with 3 meter resolution from satellite imaging data. Denote the resulting 
partition here as Pj. 

(23.8.43) OverUy both of the above partitions of the radio coverage area 120 to obtain new subareas that are 

inteneatons of the subareas from each of the above partitions. This new partition is Po (i.e.. Pq = P, intenect 
Pj), and the subareas of it are denoted as "Pq subareas". 
Now assuming Po has been obtained, the subareas of Po are provided with a first classification or categorization as follows: 
(23.8.4.4) Determine an area type categorization scheme for the subareas of P,. For example, a subarea, A. of P,. may be 
categorized or labeled according to the number of base stations 122 in each of the collections used in (23.8.4.l)(d) 
above for determining subareas of P,. Thus, in one such categorization scheme, each category may correspond to 
a single number x (such as 3), wherein for a subarea. A, of this category, there isa group of x (e.g., three) base 
stations 122 that are expeaed to be detected by a most target MSs 140 in the area A. Other embodiments are also 
possible, such as a categorization scheme wherein each category may correspond to a triple: of numbers such as 
(5. 2, 1), wherein for a subarea A of this category, there is a common group of 5 base stations 122 with two-way 
signal detection expected wiih most locations (e.g.. within a first or second deviation) within A. there are 2 base 
stations that are expected to be deteaed by a target MS 140 in A but these base stations can not detea the target 
MS. and there is one base station 122 that is expeaed to be able to detea a urget MS in A but not be deteaed. 
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(23.8.4i) Determine an area type categorization scheme for the subareas of Pj. Note that the subareas of Pj may be 
categorized according to their jrmilarities. In one embodiment, such categories may be somewhat similar to the 
naive area types mentioned above (e.g, dense urban, urban, suburban, rural, mountain, etc). However, it is also 
an aspea of the present invention that more precise categorizations may be used, such as a category for all areas 
having between 20.000 and 30,000 square feet of vertical area change per II. 000 square feet of horizontal area 
and also having a high traffic volume (such a category likely corresponding to a "moderately dense urban" area 
type). 

(23.8.4.6) Categorize subareas of Pq with a categorization scheme denoted the "Po categorization " wherein for each Pq 
subarea. A, of Pq a **Po area type" is determined for A according to the following subst€p($): 

(a) Categorize A by the two categories from (23.8.4.4) and (23.8.5) with which it is identified. Thus, A is 
categorized (in a corresponding Po area type) both according to its terrain and the base station 
infrastructure configuration in the radio coverage area 120. 

(23.8.4.7) for each Pq lubarea, A. of Po perform the following $tcp(s): 

(a) Determine a centroid, C(A), for A; 

(b) Determine an approximation to a wireless transmission path between C(A) and each base station 122 
of a predetermined group of base stations experted to be in (one and/or two-way) signal 
communication with most target MS 140 locations in A. For example, one such approximation is a 
straight line between C(A) and each of the base stations 122 in the group. However, other such 
approximations are within the scope of the present invention, such as, a generally triangular shaped 
area as the transmission path, wherein a first vertex of this area is at the corresponding base station 
for the transmission path, and the sides of the generally triangular shaped defining the first vertex 
have a smallest angle between them that allows A to be completely between these sides. 

(c) For each base station 122. BSi, in the group memioned in (b) above, create an empty list. BSj-list. and 

put on this list at least the Pg area types for the "significant" Pq subareas crossed by the 
transmission path between C(A) and BSj. Note that "significant** Pq subareas may be defined as, for 
example, the Po subareas through which at least a minimal length of the transmission path traverses. 
Alternatively, such "significant" P^ subareas may be defined as those Pq subareas that additionally 
are know or expcaed to generate substantial multipath. 

(d) Assign as the transmission area type for A as the colleaion of BSj-lists. Thus, any other P^ subarea 

having the same (or substantially similar) collection of lists of Po area types will be viewed as having 
approximately the same radio transmission characteristics. 
Note that other transmission signal charaaeristia may be incorporated into the transmission area types, for example, 
thermal noise charaaeristics may be included by providing a third radio coverage area 120 partition, Pj, in addition to the partitions 
of P, and P, generated in (23,8,4.1) and (23.8.4.2) respectively. Moreover, the time varying characteristia of (23.8.2) may be 
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incorporated in the transmission area type frame work by generating multiple versions of the transmission area types such that the 
transmission ar^a type for a given subarea of may change depending on the combination of time varying environmental 
characteristics to be considered in the transmbsion area types. For instance, to account for seasonafity. four venions of the partitrons 
P, and Pj may be generated, one for each of the seasons, and subsequently generate a (potentially) different partition P^ for each 
season. Further, the type and/or characteristics of base station 122 antennas may also be included in an embodiment of the 
transmission area type. 

Accordingly, in one embodiment of the present invention, whenever the term "area type" is used hereinbetow. 
transmission area types as described hereinabove are intended. 

Location Information Data Kases And Data 



Location Data Bases Introduction 

It isanaspert of the present invention thatmiocatbnproce^^ 
better at locating a target MS MO both by (a) building an increasingly more detailed modelof the signal characteristic of locations in the 
service area for the present imrentbn. and also (b) by prwidingc^^^^ 
changes. 

One way these aspeca of the present invembn are realized is by providing one or more data base management systems and data 

bases for: 

(a) storing and associating wireless MS Hgnal chaiacteristia with known locations of MSs 140 used in providing the signal 
duiiacteristici Such stored assodations may not only pn^^ 

service area, but also provide an increasingly better model of mo^ 
weather, seasons, and^r traffic patlEms: 

(b) adaptively updating the signal characteristic data stored so that it reflerts changes in the environmem of the service 
area such as. for example, a new high rise buiMmg or a new highway. 

Referrii^ again to Rg. S of the collective tepresentatbn of these data bases is the tocatbn information data bases 1231 Included 
among these data bases is a data base for providing trainii^ and/or calibratron data to one or more irainabte/calibratable POMs 1224. as well 
as an archival data base for archiving historical MS locatwn informatkn related to the performance of the FOHs. These data bases will be 
discussed as necessary hereinbetow. However, a further brief introduction to the archival data base is provided here. Accordir^ly, the term, 
^^locatbn signature data base'' h used hereinafter to denote the 

comext of the discussion. The kicatbn signature data base (shown in. lor example. Fig. 6 and labeled 1320) isa repository for wireless signal 
characteristic data derived from wireless signal communications between an MS 140 and one or more base stations 122, wherein the 
corresponding locatbn of the MS 140 is known and also stored in the kotion signature data base 1320. More particularly, the location 
signature data base 1320 associates each such known MS focatbn wrt^ 
communications between the MS 140 and one or more base statbns 122 at this MS ^^^^^^ 
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to utilize sud, hinorlGil MS signal loaiion daa for inhandng the conraneK and/orconfKfcnce of certain locatbn hypotheses « will be 
described in detail in other sections below. 

Data Representations for the Location Signature Data Base 

Ihereare four fundamental entity types (orobjert cla«s inanobj,aorien.«l propanunirg pandigm) utifeed in the taation 
sw««He data base 1320. Briefly, these dao entities a.« described m the items (24.1) it^ougb (24.4) that follow: 
(24.1) (verified) loation signatures: Each such (verif«d) location signature desoibes the wireless signal characteristk™^^ 
be.wee«a^ive^basestation(e^..B$l22o^lBSI52)andan^.S140ata(verif«d«rl««.^)k«.ion^^ 
s««at»re.Thatis,averifcdlombn,ignatureco™pondstoaloationwhosea^ 

white simply a location signature may have a known or unknown locrion correspondmg with it. Note that the term (verified) location 
suture is also denoted by the abbreviation, "(veiffied) be sig" here'mbebw; 

QU) (verified) tacatbosignaturedustets: Ead. such (verified) bcation signature duster bdudes a collectbn of (verified) botbn 
signaturescorrespondingto as the bcation signatures betweenatatget MS I40ata(possibly«^^^ 

bcatbnand each BS(e.g..l22orl52)fn,m which tl» target HSI40cande,eathBS^ptatd«nnelgardlessof,h.^^^^ 

the.a,getMSfteJorCDMA,regan)lessofwh.theraBSisintheM5^active.cantfria,e.rren»iningta^ 

wdl undemand). Note that for simpSaty here, it is presumed that each bcation signature cluster has a single fixed prima^ base station to 

which the target MS 140 synchronizes or obtains its timing; 

m •'con,positebca,bn.bjects(crentiries)": E«h such entity is a more genen.1 entity than the verified tacarion .^nature duster. An 
ol^eaofthb type U acoltectbnof (verif^d) tacatbn signatures thatareassodated 

the,ametimeandead.s«d,tocsigisassoriaredwithadifferentbas.s.ation. However, there is no requirement that a loc sig from ead, BS 
122 tor whid. the HS 140 can detea the BS's pibt channel b included in the "composite taation objea (or entity)"; and 

(24.4) MStationestimationdatadatindudesMStocationestimatesoutputt^oneormoreMSIoationesti^^^^ 
1224, sudr MS bcauon estimate data is described in detail herembebw. 

b» «a.i,„ 122 (BS) ,„d Pi) , . ration ,40 (m). wh.,.i„ ,h. BS-. Ucarion . kn,™ „d «„ m-. te^^^ 

(d»™g , 2.5 second ,n..nd in on. .^odi«»„ ol ,h. pr«„, i„,™,io„). d.ingcomm«nicaticn «U, «» m 140 o6.»„i„g, ^„j„ i„.,a„. ,« 
<fa.^^.h«.gh,h.mloca.ion„^o^™,„o.bek«w„.toh.^*.„o■ati»„,„^^^^ 

rh. •S«»<i.t.dwi,h.l„l.c«r.„dU»-HS,s«^„«„i,h*.,,,,.„^i„;,. H».o«r.,h.l,<„i.n., *.„S,40a„h,un,Mhe.oc«,d«a 

K oton.d ».U be donottd Iht "locatioo auodand wirh rh< loc «g" (rhii locaiior. posiibl, Wng unknown). 
In particular, for eadi (verified) be sig indudes die foltawing: 

(2SJ) HS_type: the make and model of the target MS 140 associated with a ba.bn signature instantiatbn,- note that the type of MS 
140 can also be derived from this emnr; e.g, .vhether MS 140 is a handset MS. cr-set MS.oran MS for bcatbn only. Note as an 
aside, for at least CDMA, the type of MS 140 pnrvides informatbn as to the numberof fingers that may be measured by the MS, as 
one skilled in the will appreciate. 
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(25J) BSJri: an identifiation of the base station 122 (or, loation base station 1 52) communicating with the target MS; 

(253) MS_loc a reprEseniation of a geographic (ocatbn (ijg^ htitude-tongitude) or area rBpresentii^ a veriTtedAnown MS location where 

signal charaaeristia betvreen the associated (location) base station and MS 140 were received. Thai is, if the "veriried_nag'' 

attribute (diKusscd below) is TRUE, then this attribute includes an estimated location of the target MS. If verified_flag is 

FALSE, then this attribute has a value indicating "loation unknown^ 

Note **M5_kM:" may include the following two subfields: an area within which the target MS is presumed to be, and a 

point location (e^, a latitude and longitude pair) where the target MS is presumed to be (in one embodiment this is the 

centroid of the area); 

(25.4) verifiedjiag: a flag for determining whether the loc sig has been verified; i^., the value here is TRUE iff a loation of MS^Ioc 
has been verified. FALSE otherwise. Note, if this field U TRUE (i.e.. the loc sig is verifted). then the base station identiHed by 
BS_id is the current primary base station for the target MS; 

(255) confidence: a value indicating how consistent this loc sig is with other loc sigs in the location signature data base 1320; the 
value for this entry is in the range [0, 1) with 0 corresponding to the lowest (i.e., no) confidence and I corresponding to the 
highest confidence. That is. the confidence faaor is used for determining how consistent the loc sig is with other "similar^ verifrcd 
loc sigs in the bation signature data base 1320. wherein the greater the confidence value, the better the consutency with other loc 
sigs in the data base. Note that similarity in thb context may be operationafiied by at least designating a geographic proximity of a 
be sig in which to determine if it b similar to other loc sigs in this designated geographic proximity and/br area type (eg, 
transmission area type as elsewhere herein). Thus, environmental characteristia may also be used m determining similarities such as: 
similar time of occurrence (e.g, of day. and/or of month), similar weather (e.g.. snowing, raining, etc.). Note, these latter 
characteristia are different from the notion of geographic proximity since proximity may be only a distance measurement about a 
tocatton. Note also that a be sig having a confidence faaor value bebw a predetermined threshold may not be used in evaluating MS 
locatbn hypotheses generated by the FOHs 1224. 

(25.6) timestamp: the time and date the toe sig was received by the associated base station of BS id; 

(25.7) signal topography characteristics: In one embodiment, the signal topography charaaeristics retained can be represented as 

characteristics of at least a two-dimensional generated surface. That is, such a surface is generated by the signal processing 
subsystem 1220 from sigral characteristia accumulated over (a relaiively short) time bitervaL For example, in the two-dimensional 
surface case, the dimensbns for the generated surface may be. for example, signal strength and time delay. That is, the 
accumulations over a brief time interval of signal characteristic measurements between the BS 122 and the MS 140 (associated with 
the loc sig) may be classified according to the two signal charaaeristic dimensbns (e^, signal strength and corresponding time 
deby). That is, by sampling the signal characteristks and classifying the samples aaording to a mesh of discrete ceOs or bins, 
wherein each cell correspondi to a different range of signal strengths and time delays a tally of the number of samples falling in the 
range of each cell an be nainiained. Accordingly, for each ceil, its corresponding taUy may be interpreted as height of the cell, so 
that when the heights of aQ cells are considered, an undulating or mountainous surface is provided. In particular, for a ceU mesh of 
appropriate fineness, the "mountainous surface", is believed to, uraler most circumstances, provide a contour that is substantially 
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unique to the location of the target MS 140. Note that in one embodiment, the signal samples are t/pially obtained throughout a 
predetermined signal sampling time interval of 2-5 seconds as is discussed elsewhere in this specifotion. In particular, the signal 
topography chararteristia retained for a bc sig include certain topographical characteristiaof such a generated mountainous 
surface. For example, each loc sig may include: for each local maximum (of the foe sig surface) above a predetermined noise ceiling 
threshold, the (signal Jtiength. time deby) coordinates of the cell of the local maximum and the corresponding height of the kxal 
maximum. Additionally, certain gradients may also be induded for characterizing the ''steepness*^ of the surface mountains. 
Moreover, note that in some embodiments, a frequency may also be ajsodated with each tol maximum. Thus, the data retained for 
each selected loal maximum can includeaquadrupfe of signal strength, time de^^ 
typesheremay vary. However, for jimpRdty, in paru of the description of kK: jig proos^ 
here, it is assumed that the signal characteristic topography data strtjctuit here is a vecton 

(25.8) quality_obj: signal quafity (or error) measurements, e.g., Eb/No values, as one skilled in the art will undemand; 

a5.9) noise_ceiling: noise ceiling values used in the initial filtering of noise fmm the signal topography chararteristia as provided by the signal 
processing subsystem 1220; 

(25.10) power_leveb power levels of the base station (e.g., 122 or IS2) and MS 140 for the signal measurements; 

(25.1 1) timin^error. an estimated (or maximum) timing error between the present (associated) BS (e.g., an infrastructure base station 122 or 

a loation base nation 152) detecting the target MS 140 and the currem primary BS 122 for the target MS 140. Note that if the BS 
122 associated with the toe sig is the primary base statbn, then the value here will be zero; 

(25.12) cluster_ptn a pointer to the tocatbn signature composite entity to which this loc sig bctongi. 
(25J3) repeatable: TRU E iff the loc s^ is ^peatabr (as described terei^^^^^ 

as either -Vepeatable" or "random^ A toe sig is repeatable if the (verified^ 

signal characteristic measurements between the assxiated BS 122 and this MS can be either replaced at periodic time intervals, or 
updated substantially on demand by mojt recent signal characteristic measurements between the associated base station and the 
associated MS 1 40 (or a comparabte MS) at the verifiedAnown tocatbn. Repeaiable toe sigs may be, for example, provided by 
stattonary or fixed tocation MSs 140 (e.g. faed tocation transceiven) distributed within certain areas of a geographical region 
serviced by the tocation center 142 for providing MS toation eaimates. That b, it is an aspea of the present invemion that each juch 
stationary m 140 can be comacted by the toQtioncemer 142 (via the base stati^^ 
any time forprovidinganewcolleaion(i^.,clujter)of wireless signal ch^^ 

the transceiver. Alternatively, repeatable be sigs may be obtained by, for example, obtaining tocatbn signal measurements manually 
from workers who regularly traverse a predetermined route through some ponton of the radto coverage area; i.e, postal workers (as 
win be described in more detail hereinbetow). 

A toe sig is random if the toe jig b not repeatable. Random toe sigs are obtained, for example, from verifying a prevbusly unknown 
uigetHStocatbnoncethe MS 140 haj been bated. Such verificatbns may be accompfohed by, for example, a vehicle te^^^^ 
more tocatbn verifying devMJSuchasa GPS receiver and/or a manual tocatbn input capabiFity becoming sufficiently ctose to the 
tocated target MS 140 so that the loatbn of the vehicle may be associated with the wireless signal characteristia of the MS 140. 
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Vehides having aidi iocatbn (ktecton devices may indude: (a) velndes that travel to locations that arc primarily for another 
purpose dan to verify be sigs, e^, poGoe cars, ambuiantEs, fae trucks, rescue units, courier services and taxis; and/or (b) vehides 
whose primary purpose is to verify loc sigs; e^, loatbn signal cafibration vehicles. Additionally, vehides having both wireless 
transceivers and location verifying devices may provide the location center M2 with random be sigs. Note, a repeatable toe sig may 
become a random be s^ if an H$ 140 at the Iocatbn assodated with the be sig becomes ureletectabie sudi as, for example, when the 
MS MO is removed from its verified bcatbn and therefore the be sig for the bcatbn can not be readily updated. 

Additionally, note tiat at least in one embodunent of the signal topography characteristics (25 J) above, sudi a first surface may be 
generated for the (forward) signals from the base flatbn 122 to the (arget MS 140 and a second sudi surface nay be generated for (or 
altematively, the first surface may be enhanced by increasii^ its dimensbnaSty wirii) the s^ from the MS 140 to the base station 122 
(denoted the reverse signals). 

Additbnaily. in some embodiments the bcatbn hypothesis may indude an estimated error as a measuremem of perceived accuracy 
in additbn to or asasubstitute for the a)nfidence field discussed her^^ 

providing a reason for the vabes of one or more of the bcatbn hypothesis fields. For example, this text field may provide a reason as to why 
the confidence value is bw, or provide an indicatbn that the wireless signal measurmentx used had a bw signal to noise ratro. 

Loc sigs lave the foflowing functbns or object methods assocated therewith: 
(26.1) A "nomaliiatbn" method for normalizing toe sig data according to the associated MS 140 and/or BS 122 signal processing and 
generating daraoeristics. That is, the signal processing subsystem 1220, one embodiment being described in the PC patem 
applicatbn titled. "Wireless Iocatbn Using A PluraBty of Commercial Network Infrastruaures." by F. W. UBianc and the present 
imfentor(s), provkfes (nttthods for be s'^ objects) for "nomafizing" eadi be sig so that variations in signal eharacteristka resulting 
from variatbm in (for example) MS signal processmg and generating daracteristia of differem types of HS's may be reduced. In 
particular, since wireless network designers are tyfwcally designing networb for effective use of hand set MS*s 140 havir^ a 
substamally eomnwn minimum set of performance charaaerittics, the nomalizatbn methods provided here transform the be sig 
data so that it appears as tlwugh the be sig was provkfed by a common hand set MS 140. However, other methods may also be 
provided to -'normalue" a be $^ so that it may be compared with be s^ obtained from other types of MS*$ as well. Note that such 
normafizatbn tediniques indude, for example, interpolating and extrapolating according to power levels so that loc sigs may be 
nomafized to the same power level for, eg., comparison purposes. 

Normafizatbn for the BS 122 assodated with a be sig is simitar to the normafizatbn for MS signal processing and generating 
characteristics. Just as with the MS normalizatbn. the signal processing subsystem 1220 provides a be sig method for "nomaiizing** 
be sigs according to lase statbn signal processing and generating charaaeristks. 

Note, however, be sigs stored in the bcatbn signature data base 1320 arc HOT "normalized" according to either MS or 
BS signal processing and generatir^ characteristia That is. "raw** values of the wireless signal characteristks are stored with each 
be sig in the bcatbn signature data base 1320. 
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(262) A method for determining the "area type" corresponding to the signal transmission characteristb of the area($) between the associated 

BS 122 and the associated MS 140 location for the (ocsig. Note, such an area type may be designated by, for example, the techniques 

for determining transmission area types as described hereinabove. 
(26 J) Other methods are comempfated for determining additional environmemai characteristia of the geographical area between the 

assodated BS 122 and the associated m 140 loQtion for the loc s^ 



area. 



Referring now to the composite tocatbn objects and verified location signature clusten of (243) and (242) respeaively. the 
following information is contained in these aggregation objects: 

(27.1.1) an identification of the BS 122 designated as the primary base station for communicating with the target MS 140; 

(27.12) a reference to each loc sig in the loation signature data base 1320 that is for the same MS kxation at substantially the same time with 

the prima^ BS as identified in (27.1): 

(27.13) an identification of each base statbn (e.g.. 122 and 152) that can be detected by the MS 140 at the time the location signal 

measuremems are obtained. Note that in one embodiment, each composite location objea includes a bit string having a 
corresponding bit for each base station, wherein a for such a bit indicates that the corresponding base station was iifentifjed by 
the MS. and a "0** indiates that the base station was not identified. In an alternative embodiment, additional location signal 
measurements may also be included from other non-primaiy base stations, for example, the target MS 140 may communicate with 
other base statbns than it's primary base station. However, since the timing for the MS 140 is typkally derived from it's primary 
base station and since timing synchronization between base stations is not exact (e.g., in the case of CDMA, liming variations may be 
plus or minus I mtcrD$ecDnd)at least some of the location signal measuremems may be (ess refiabte that the measurements from the 
prima7 base station, unless a forced hand^)ff technique is used to efiminate system timing errors among relevant base stations; 
(27.1.4) a completeness designation that indkates whether any loc sigs for the composite loation oi^ect have been removed from (or 
invalidated in) the location signature data base 1320. 

Note, a verified composite locatbn object is designated as "incomplete" if a toe sig initially referenced by the verified composite 
location objea is deleted from the bcatkjn signature data base 1320 (e.g., bec^ 

sigs foracomposite location objea are deleted.then the composite objea isalsodctete^ Also note 

that common fields between loc sigs referenced by the same composite location objea may be provided in the composite location objea only 
(e.g., timestamp, etc). 

Aca)rdingly, a composite loation objea that b complete (i^ m incomplete) is a verif«d loation signature cluster as described in 

(242), 
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Fig.5ptesent$ahighM(ragramoftliek)aiion(e(mr 142 and the loatonengine 139 into 
entire hation sjrstem of dte present invention. 

It b impoitam to note that the aittttBauie for the hxatbn center 142 and the locatbn ei^oie I3» provided by the present 
invention B desigtied for extensibility and ffexibffrty so 
bemme available and as enhanced MS locatbn tediniqueshea)n«.avaihblt. In 

high level architectuie for pneratii^ and prooessiiB MS locatbn esthnates may be comideied as divided into the foltowing high level fmniotBl 
gniups described heieinbelow. 

Low Level Wireless Signal Processing Subsystem for Receiving and Conditioning Wireless Signal Measurements 

A first funoionalgroupcf locatbn engine 139 modules b for performing signal pmcesang am) filtering of MS bcatbn signal data 
received froma convembnal wireless (tg, CDMA) infiastruoure. as dbcussed in the steps {23.l)and Q32) above. This group b denoted the 
signal pmcessing subsystem 1220 herein. One embodimem of such a subsystem U described in the PH patent applicatbn titled, "Wireless 
LoQtbn Using A Phrrality of Commercial Network Infrastnioures." by F. W. UBbncand the presem inventor(s). . 

Initial location Estimators: First Order Models 

A second funobnal group of bcatbn engine 139 modules b for generating various target MS 140 bcatbn initial estimates, as 
described in step (23 J). Accordingly, the modules here use input ptovWed by the signal pmcessing sub^m 1220. Thb second functional 
group inchidesonc or mot? s^nalanalysb modules or models, each herehBfter denoted asafirn Older 
loatiiin hypotheses for a target MS 140 to be bated. Note that it b intemled that each such FOM 1224 use a different technique br 
determining a bcatbn area estimate for the target MS 140. A brief description of some types of first order models b provided immediately 
bebw. Note that fig.8illustntesanother.moredetaBviewof the bcatbn system forthe presem invenm 
some of the f OMs 1224 contemplated by the present imrembn. and additnnaUy illustrates the primary commmikations with other modules of 
the bcatbn system for the presem invembn. However, it b imponam to note that the presem invembn b not limited to the f OMs 1224 shown 
and dbcussed herem. That b.itbaprimaiyaspea of the pieserainventbn to easily tar^^^ 

computational bcation estimating techniques than those presemed hetem. Further, note that each FOM type may have a plurality of itt models 
incorporated into an embodiment of the present invembn. 

For example, (as will be described in further detail bebw), one such type of model or FOM 1224 (hereinafter models of thb type are 
lefemd to as "dbtance modeU") may be based on a range or dbtance computaibn and/oron a base station signal reception angle 
determination between the target MS I4D from each of one or more base statbns. Basically, such distance modeb 1224 determine a bcation 
estimate of the target m 140 by detennining a disunce offset from each of one or more base statbm 122. possi^ 
from each (some ol) the base statiom, so that an interseabn of each area tacusdefined by the base statbn offsets may provide an estimate of 
the loanon of the target MS. Dbtance model FOHs 1224 may compute such offsets based on: 
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(a) signal timing mcaswemenu between the target mobile station 140 and one or more base stations ill; e^., timing 
measurements strch as time difference of arrival (TDOA), or time of arrival (TOA), Note that both forward and reverse signal 
path timing measurements ma/ be utifized; 

(b) signal strength measurements (e.g^ relative to power control settings of the MS 1 40 and/or one or more BS 1 22); and/br 

(c) signal angle of anival measurements, or ranges thereof, at one or more base statbns 122 (such angles and/br angular ranges 

provided by, e^, base station antenna sectors having angubr ranges of I20%r 60", or, so called -SMART antennas" with 

variable angular transmission ranges of 2** to 120**). 
Accordingly, a distance model may utifize triangulation or trilateratbn to compute a location hypothesis having either an area location or a 
point totbn for an estimate of the target MS 1 40. Additionally, in some embodiments tation hypothesis may indude an estimated error 

Another type of FOM 1224 is a statistically based first order model 1 224, wherein a statistical technique, such as regressbn 
techniques (e^., least squares, partial feast squares, principle decomposHion). or e.g, Bollenger Bands (e^. for computing minimum and 
maximum base station offsets). In general, modeb of this type output bcation hypotheses determined by performing one or more statistical 
techniques or comparisons between the verified locatbn signatures in bcation signanire data base 1320, and the wireless signal measurements 
from a target MS. Models of this type are also referred to hereinafter as a "stochastic signal (first order) modcP or a "stochastic FOM" or a 
"statistical model" 

Still another type of fOM 1224 is an adaptive learning model, such as an artifidal neural net or a genetic algorithm, wherein the FOM 
may be trained to recognize or associate each of a plurality of toatbns with a corresponding set of s^nal diaiacteristia for communicaibns 
between the target MS 140 (at the tacatbn) and the base statbns 121 Moreover, typically such a FOM is expeaed to accurately 
interpolate/extrapolate tarpt MS 140 locatbn estimates from a set of signal characteristics from an unknown target MS 140 location. Models 
of this type are also referred to hereinafter varbusly as "artificial neural net models" or "neural net mcdels*" or ^^trainable models" or 
-leammg models." Note that a related type of FOM 1224 is based on pattem recognitbn. These FOMs can recognize patterns in the signal 
charaaeristia of communicatbm between the target MS 140 (at the bcatbn) and the base statbns 122 and thereby estimate a locatbn area 
of the target MS. However, such FOMs may not be trainable. 

Yet another type of FOM 1224 can be based on a colledbn of dispersed tow power, low cost fixed bcatbn wireless transceivers (also 
denoted "bcatbn base statbns IS2" hereinabove) that are provided for detectinga target MS 140 in areas where, e.g. there is insufficient base 
statbn 122 inf rastruaure coverage for providing a desired level of MS 140 bcatbn accuracy, for example, rt may uneconomical to provide high 
traffic wireless voice coverage of a typical wireless base statbn 122 in a nature preserve or at a fair ground that is only populated a few days out 
of the year. However, if such bw cost locatbn base statbns 152 an be directed to activate and deactivate via the direabn of a FOM 1224 of 
the presem type, then these locatbn base stations can be used to both bcatbn a target MS 140 and also provide indicatbns of where the target 
MS b ra)t. for example, if there are bcatbn base statbns 152 populating an area where the target MS 140 is presumed to be, then by aarvating 
these locaibn base statbns 152, evidence may be obtained as to whether or not the target MS is actually in the area; e.g., if the target MS 140 is 
detected by a bcatbn base statbn 152. then a corresponding batbn hypothesis having a bcatbn estimate corresponding to the coverage area 
of the locatbn base statbn may have a wry high confidence value. Alternatively, if the target MS 140 is not detected by a locatbn base statbn 
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l52,thnacDrre,pondingloonk.nlypotebtevh,g,loc^^ 

taveavB^lowconridentewte. Ho(febofllmtypearerefei«dtoliOTiiiaftera$"k)atnnt«e«a^ 

YetaratherweoffOM 1224 on be basd on inpafmrn a mobile hue nation l«.wh«.inloQtionhypo.hes« may be generated 
fnrni target MS 140 bation data reaived froin the mobile base station 148. 

Still other types of rO«l224 an be based on «rious techniques lor recognizing wireless signal n«a,„,emen. pattermand 

aaoaatingpar,ic«brpa.,erm«ithloation,inthecov,,age area 120. For.«mple.a,tifean.u,al«et>™rboro,l»rbarningn«Ws«n 
used as the bash for various FOHs. 

NotettatthefOM types n^nrionedlHreasweDasotherfOHtypesanidiscussedind^^ Mo^over.itU imporunttt 

l«pmn,.nd.l«a«ovelaspeaof.l»p,ese«i,,««io„bttesimuta^^ 

.nodelsl224.wl««i„such fOmare«o,lin,i.«l to thosodescribed tela Thus. th^^^ 
HSIocat^nestunators to be subsequently p^idedasnewfOminastm^or^^rt™^^^^ 
s.gnaltin«delaynm,ren»ntsfn,mad«rih«.edantemBsys.en,forwi,el^ 

rorloca«ngaa,getHSI40inan.ndos.dareaservicedlvthedis.rib«tedant.m«sys^^ AccrdingV. by using such a distributed antenna 
FOH. thepresem invention nHydetennine the lloorof a molo-story building tern which a target MS btransnuuing. Thus. MSs Won be 
located inthreedinttosionsosingsuchadistributedantenn, fOH. Additionally. FOMs for detecting certain registmion changes within, for 
exanvfe. a public svrhched telephone network can also be used for tocating a target MS 140. Forexample. lor some MSs 140 the-e may be an 
assodatedordedkated device foreachsucb MS that albwsthe MS to lunctionasac^rdlessphonett 

de*« detects that the MSbwithinsignaJngrangt In one use of suchadevice(alsodenoted herein asa-h^^ 

regi«*,swl,hahon»location,egis,er.f.hep„blic«vi,chedtetephonenetworkv^^ 

cor,.sp,ndingmtode.ecungtheMS.orvbaversa.asonesl«lMintheartwill„«lenn^^ 

MS status ,n the home tocuion register, the taion engine 139 on determine whether the MS b within signaling tange o( the home base 

sfiitionor not.and generate bca,ionhyp«hesesaca,,dingV.M.,eover.otherrOMs based on. ^ 
ate also within the scope of the present invention. 

It b nnponam to note the following aspects of the present invention relatng to FOHs 1224: 
(28.1) Each such onler tnodel 1224 nay be relati«,ly easily incorporated 

assuming that the signal processing subsystem 1220 pn^ides uniform input «, the FOMs, and there b a uniform FOH output interfate. i, b 
believed that a large majoriqr (if not substantially all) viable MS loation estimation sttategies m, be accommodated. Thus, it b 
strarghtfofward to add or delete sucli FOHs 1224, 

(28J) Each such first order model 1224 may be relatively simpk and still provide s^^^^^ 

for eiample. much ol what b befeved to be commonor generic m location p^Kessing has ten coated 
hypothesb evaluation «ibsystera. denoted the hypotheses evahator 1228 and described immediately below. Thus, the present invention b 
modubrand extensible such thaUor example, (and importantly) dilferem firs, order n,odeb 1224 may be utifiied depending on d« 
signal transmbsion characterbtia of the geographic regton serviced by an embodunent of the present invemion. Thus, a simpte 
c»nfigurarion«fthepresentinventionmayhaveasma»nun.berofFOmi224forasirapfe 
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no urban anyom and low population denaty). AheraativelyJorcDmplawirefeHjIgnalenyironnttmsaKliaslncm frandjco, 
TokyoorNewYorlcahrgenBinberof FOMj in4ni3ybesimda«eouslyii!ilizriforp«fa%HSteatlonhypothe»j. 

An Introdurtion to an Evaiuator for location Hypotheses: H/pothtiis Evaiuator 

A thiid funaional groi^ of location engine 139 modules evaluates location hypotheses output by the fim order models 1224 and 
thereby pn,vid«a "most fiteV" taijet MS batbn estimate. The modulesforthis funaional gmnp ate coBealvely denoted the hypothesis 
evaiuator I22S. 

Hypothesis Evaiuator Introduction 

Apriniaty purpose of ttKhypithesUevaluator 1228 is to mitigate confSctsand^^^^ 
the ta omermodels 1224 and theteby output a "most litely" estimate of an «S lor which there is a .equest for it to be locat«l. In providing 
this capability, then: are various related embodimenu of the hypotbesb evaiuator that a.e within the scope of the pt^sent invention. Since each 
location hypothesis includes both an HS location areaestimateandacorropondii^con^^^^ 

litoflhood of the target MS bemg within the corresponding location area estimate, there b a moootonic relationship between MS loation area 

estimates and conFrdent, values. That is. by increasing an MS locatnn area enimate. the corresponding confidence value may also be inceaswl 

On an extreme case, the tocatbn area estimate could be the entire coverige area 120 and thus the conM^^ 

highest level of certainty; Le, +1.0). Accortiingly.givenatarget MS loation areaestimate(ofato^^ 

aauracy may be p«rfonned byadjusting the MS loation area estimate and/br the corresponding confidence value. Thus, if the confidence 

vahre is. for example, excessively low then the area estimate may be increased as a technique for increasing the confidence value. Alternatively. 

if the estimated area is excessively large, and there is flexibility in the corresponding conW^^^ 

decreased and the confidence value also decreased. Thus, if at some point in the processing of a loation hypothesis, if the location hypothesis is 
judged to be more (less) accuram than initially determined, then ft) the confidence value of the loation hypothesis an be increased 
(decreased), and^^ (il) the MS loation area estimate an be decreased frncteased). 

Inafirs class of embodimeirts, the hypothesbevafciator 1228 evaluates loation hypotheses and adjusBor 
confufence values for MS bationarea estimates and subsequently uses ihesemioationestiraateswn^ 

detenninioB a "most likely- MS loation estimate for outputting. Acx»rdingly, the MS loatron area estimates are not substamially modifred. 
Altematively.inasetBndclassofembodinsms for the hypotbesb evahator 1228. MS Ira^^^ 

values remain substantially fued. Of course, hybrids between the fira two embodiments an abo be provided. Note that the present 

embodiment provided herein adjusts both the areas and the confidence vahes. 

More particularly, the hypothesis evaiuator 1228 may perform any or most ol the following tasks: 

(30.1) it utiBtes environmental information to improve and reconcile kxation hypotheses supplied by the first ortler models 1224. A basic 

premhe in th« context h that the accuracy of the nxfividual first order models may be affeaed by various environmental factors such 
as. lorexampte. the season of theyear.thetiraeofday.theweatherconditbns. the presence of buiMings. base sa^^^^ 
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POJ) h enhances the accuracy of an initial location hypothesis generated by an f DM by using the initial location hypothesis as. 
essentally, a query or index into the location signature data base 1320 (or obtaining a corresponding enhanad location 
hypothesis, wherein the enhanced location hypothesis has both an adjusted target MS location area estimate and an 
adjusted confidence based on past performance of the f OH in the loation service surrounding the target MS location 
estimate of the initial location hypothesis; 
(303) it determines how well the assocatedagnalcharaaeris^ 

in the location signature data base 1320 (see the location signature data base secdon for further discussion regarding thb aspeaof the 
invention). That is. for a given location hypothesis, verified loc sigs (which were prevbusfy obtained from one or more verifed 
locations of one or more MTs) are retrieved for an area correspondir^ to the location area estimate of the location hypothesis, and ttrc 
signal charaaeristics of these vcrifwd toe jigs are compared with the signal charaOEristo used to generate the location hypothesis for 
determining their similarities and subsequently an adjujtmem to the confidence of the loation hypothesis (and/or the size of the 
location area esimate): 

(30.4) the hypothesis evaluator 1228 determines if (or how weB) such b^^^ 

such as the laws of physia for example, if the difference between a prevbus (most likely) location estimate of a target MS and a 
location estimate by a airrem location hypothesis requires the MS to: 

(al) move at an unreasonably high rate of speed (e^.. 200 mph). or 

(bl) move at an unreasonably high rate of speed for an area (e^, 80 mph in a com patch), or 

(cl) make unreasonably sharp vebcity changes (e^, from 60 mph in one direction 

to 60 mph m the opposite directbn in 4 sec), then the confidence in the current Location Hypothesis is fikeiy to be 
reduced. 

Alternatively, if for example, the difference between a prevbus locatbn estimate of a target MS and a currem bcatran hypothesis 
indicates that the MS h: 

(a2) moving at an appropriate vetodty for the area being traversed, or 
(h2) moving along an established path (e.g.. a freeway), 
then the confidence in the current tocatbn hypothesis may be increased. 
(30i) the hypothesis evaluator 1228 determines consistencies and inconsistencies between toatbn hypotheses obtamed from dKferent first 
order models, for example, if two such locatbn hypotheses, for substamially the same timestamp. have estimated locatbn areas 
where the ta^et MS is likely to be and these areas substamially overlap, then the confidence in both such tocatbn hypotheses may be 
increased. Additbnally. note that a vetodty of an MS may be determined (via deltas of suaessive locatbn hypotheses from one or 
more first order models) even when there is low confidence in the tocatbn estimates for the MS. since such dehas may, in sons cases, 
be more reliable than the actual target MS locatbn estimates; 
(30i) the hypothesis evaluator 1228 determines new (more accurate) tocatbn hypotheses from other locatbn hypotheses, for example, this 
module may generate new hypotheses from curremly artive ones by decomposing a locatbn hypothesis having a target MS 
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location euimaie intersecting two radically different area types. Additionally, this module may generate location hypotheses 

indicating areas of poor reception; and 
(30.7) the hypothesis evaluator 1228 determines and outputs a most likely loation hypothesis for a target MS. 
Note that the hypothesis evahiator may aaompiish the above tasks, (30.1) - (30.7). by emptoying various data processing took including, hut 
not limited to, fuzzy mathematics, genetic algorithms, neural retworks, expert systems and/or blacHward systems. 

Note that, as can be seen in Figs. 6 and 7, the hypothesis evaluator 1 22B includes the following four h^h level modutes for 
procExsing output toatwn hypotheses from the first order models 1224: a oamxt adjuster I32i. a hypothesis analyzer 1332, an MS status 
repository I33S and a most Gkelihood estimator 1334. These four modutes are briefly described hereinbetaw. 

Context Adjuster Introduction. 

The comext adjuster 1326 module enhances botii the comparability and predictability of the location hypotheses output by the frm 
order models 1224. In particular, this module modifies taation hypotheses received from the f OMs 1224 so that the resulting toation 
hypotheses output by the context adjuster 1326 may be further processed uniformly and substamially without concern as to differtnats in 
accuracy between the first order models from which tocation hypotheses originate. In providing this apability, the context adjuster 1326 may 
adjust or modify various fields of the input toation hypotheses. In partkular, fieMs giving target MS 140 kration estimates and/or confidence 
values for such estimates may be modified by the context adjuster 1326. Further, this module may determine those factors that are percBived to 
impact the perceived accuracy (e.g., confidence) of the taation hypotheses: (a) drffeiently between f OMs, and/or (b) with substantial effect 
For instance, environmental charaaeristb may be taken into accoum here, such as time of day. season, month, weather, geographical area 
categorizations (e.g., dense urban, urban, suburban, rural, mountain, etc), area subategorizat'ions (e.g.. heavily treed, hilly, high traffic ansa, 
etc). A detailed descriptbn of one embodiment of this module is provided in APPENDIX D hereinbetow. Note that, the embodiment described 
herein is simplified for illustration purposes such that only the geographial area categorizations are utilized in adjusting (\£., modifying) 
kratron hypotheses. But. it is an important aspeaof the present invention that various categorizations, such as those membned immediately 
above, may be used for adjuuing the tocation hypotheses. That is, categories such as, for example: 

(a) urban, hilly, high traffic at 5pm, or 

(b) rural, flat, heavy tree fofage density in summer may be utifized as one skilled in the art will understand from the descriptwns 

contained hereinbelow. 

Accordingly, the presem invemron b not limited to the factors expfidtly mentbmfd here. That is, it is an aspea of the present 
invention to be extensible so that other environmental factors of the coverage area 1 20 affecting the accuracy of tocation hypotheses may also 
be incorporated mto the comext adjuster 1326. 

It is also an important and novel aspea of the context adjuster 1326 that the methods for adjusting tocation hypotheses provided in 
this module may be generafized and thereby also utilized with multiple hypothesis computational architeaures related to various applicairans 
wherein a terrain, surface, volume or other "geometric" interpretation (e.g., a metric space of statistical samples) may be placed on a large 
body of stored application data for relating hypothesized data to verified data. Moreover, h is imporiam to note that various techniques for 
Vmjalhing data" may provide such a geometric interpretation. Thus, the methods herein may be utilized in applications such as: 
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(a) ^'^^radar.x-rayorinfraredttlcntincatb^ 
geobgtcal. and radar imaging. 

Km genaalV.tte novel compuational paradigm of tiKa«t«tadjusttr 1326 may be utifeed ina numberof appliatiom wh«,ein 
tterehabisebodyofarehivEdinfornmionpiwklingyerifiedoracto^ 
applkadon ptwets. 

h b worth mtmionhig that the cDmputational paradigm used in the amnt adjuster 1326 is a h/bn) ofa hypotliesii adjusterand a 
data base querr mecharrisim for exampb, the context adjuster 1326 uses an input (bcaion) hypothesis both as an hypothesis arri asa data 
base queof or index uno the tation s^nature data base 1320 (or constn^ting a related but rmre acauate bcoion hypothesis. Aoordir^ly. 
sabaaniial advantages are provided by thh hybrid airhh^ 

Asafintadvantage, the context adjuster 1326 reduces the likelihood that a (eedbacic mechanism b necessary to the initial 
hypothesb generators 0^, rom 1224) tor periodically adjustingdefauh evaluations of the g^ 
That b.si.,ce each hypothesbgeneratedb.inelfect.a«irxfexint.adata base or arih^^ 
adjiBter 1326. in turn, generates iiew corresponding hypotheses based on the actual or vertf^^ 
asare$ult.thbarthitecturetendstoseparatethecomputation5oftheinitialhypothesbge^^^^^ 

kxatbn appliatian) fiDm any further processmg and thereby provide a more modular, maintainable and flexible tompatational system. 

fcasecond advantage the c.«extadjusterl326 tends tocreatehyporireses that are montaccura^ 
by the rnhialhypothHes generators. That b.tareach hypothesis. H, provided by one of the W^^^ 

a conesponding enhanced hypothesis, provided by the context adjuster 1326. b generated by mapping the past performance of G im. the 
archived verifiedappliationdala (as vvill be disorssed in detail here-mbebw^^ 

on the archived veriM (or known) performance apprrcatun data that b related to both G and H. For example, in the present wiretess location 
applk2tion.ifafOM I224.G. substantially consbtently generates. inaparticuhrgeograpW 

approximately 1000 feet north of the aaual verified MS 140 location, then the tomex, adjuster 1326 can generate corresponding hypotheses 
without thb bias. Thus, tlie context adjuster 1326 tends to filter out inaccuracies m the initially generated hypotheses. 

Therefore in a multiple hypothesb arthheaure where typically the generated hypotheses may be evaluated and/or combirttd for 
providing a "nrost likely" result, it b believed that a phrality of relatively simple (and possibly inexaa) initial hypothesb g^rators may be 
used in conjunctnn with the hybrid computational paradigm represented by the context adjuster 1326 for providing enhanced hypodreses with 
substantially greater accuracy. 

AdditkmaOy. note dialthb hybrid paradigmapplies tootherdomains that are not geographitalV kased. for instance, thb hybrid 
paiad'^mappriesto many predlctmn and/or diagnostkappbatbns for whidr 

(a) the application dau and the applicatun are dependem on a number of parameters whose values characterize the range 
of outputs for the application. That b. there b a set of panmeterv p, p, h. p>m wbkh a parameter 
derived whose points characterize the actual and estimated (or predicted) outcomes. As examples, in the MS tocation system, p, = latitude 
and pj = bngitnde; 
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(b) there b historical data from which points for die parameter space. Pi x p2 x pj x - x p^ can be obtained, wherein this 
data relates to (or indiates) the performance of the appfotion, and the points obtained from thb data are relatively deme in the spaa (at 
least around the likely future aauaf outcomes that the application is expected to predict or diagnose). For example, such historical data may 
associate the predicted outcomes of the applicatbn whh corresponding actual outcomes; 

(c) there is a metric or distance-fite evaluation function that an be appfied to the parameter space for indicating relative 
doseness or accuracy of points in the parameter space, wherein the evaluation function provides a measurement of closeness that b related to 
the actual perfortnance of the application. 

Note that there are numerous applications for which the above criteria are applicable. For instance, computer aided 
control of chemical processing plants are likely to satisfy the above criteria. Certain robotic applications may also satisfy this criteria. 
In fart, it is believed that a wide range of signal processing applications satbfy thb criteria, 

MS Status Repository Introduction 

The MS status repository 1538 b a run-time storage manager for storing tocation hypotheses from previous activations of the 
location engine 139 (as well as for storing the output ''most likefy" target MS locatwn ejtimate(s)) so that a target MS 140 may be tracked 
using target MS tocation hypotheses from prevrous tocalion engine 139 activatiom to determine, for example, a movement of the;target MS 140 
between evaluations of the target MS location. 

Location Hypothesb Analyzer Introduction. 

The tocation hypothesb analyzer 1332, adjusts confidence values of the loation hypotheses, according to: 

(a) heuristics and/or statbtical methods related to how well the signal charaaeristia for the generated target MS tocation hypothesb 

matches with prevbusly obtained signal characteristia for verified MS tocations. 

(b) heuristics related to how consbtent the tocation hypothesb b with physical laws, and/or highly probable reasonableness conditmns 

relating to the bcation of the target MS and ta movement charaaeristia for example, such heurbtics may utilize knowledge of 
the geographical terram in which the MS is estimated to be. and/or, for instance, the MS vetocity. acceleration or extrapolation of 
an MS position, vetociiy, or acceleratba 

(c) generatwn of additional location hypotheses whose MS knations arc consbtent with, lor example, previous estimated locations for 

the target MS. 

As shown in Figs. 6 and 7, the hypothesb analyzer 1332 module reaives (potentially) modified kKatbn hypotheses from the context 
adjuster 1326 and performs additional kration hypothesb processing that is likely to be common and generic in analyzing most tocatwn 
hypotheses. More specrolly, the hypothesb analyzer 1332 may adjust ehher or both of the target MS 140 estimated location and/or the 
confidence of a tocation hypothesb. In brief, the hypothesb analyzer 1332 receives target MS 140 toation hypotheses from the context analyzer 
1336, and depending on the time stamps of newly received tocation hypotheses and any previous (i.e, oWer) target MS tocation hypotheses that 
may still be currently available to the hypothesb analyzer 1332, the hypothesb analyzer may: 
(a) update some of the older hypotheses by an extrapolation module, 
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(b) utilize som of die oU hjrpotbeies at (mioiij target W estimates for use in traddng the taips HS MO. and/or 

(c) if suffidendy old, thentfcbte the older bation hypotheses. 

Hole that hoth the newV leceitred location hrpotheses and dK pievious bation hypodieses that are updated (i^. extrapolated) 
and sai remain in the hn»d»>sis analjrzer 1332 will be denoted as "torrent tattion hypodieses" ofcurrendy aaive locitbn hypodwes". 

The modules within the location hypodKsis analyier 1332 ose various types of app&atioi. spedfit knowfedge likely sulMantially 
independent from the computations by thefOMs 1224 when p«widingdKconesponding original location hypodKses. That is. since it fa aipea 
of at least one emhodnnent of the present inventiondiat die fOm 1224 be relatively strait 

well as added ordefeted. die pmtessing, for example, hi die hypodiesis analyzer 1332 (as with die context adjuster 1326) Is intended to 
ampensaie. when neassanr. for diis stnightforwardness by providing substantially generic HS location pracessing capabilities diat can .equiie 
a greater breaddi of appfiotion underaanding related to wireless signal characteristics of the aweiage area 120. 

taordingly. die hypodiesis analyzer 1332 may apply various heuristia diat, for example, change the confidence In a kxadon 
hypod»sfadependingonhowwelld«lo,atk,nhypothesfa(and/oraseriesofl«^ 

widi die laws of physia (b) conforms with known chaiaaeriitks of botion signature cluiten in an area of the lootion hypodiesis MS 140 
estimate, and (c) conforms with highly fikely heuristic constraint knowledge. I. particular, as illustrated best in fig. 7. the kjcation hypodiesfa 
analyzerl332 may utilizeat least oneofablackboanlsyaemand/branexpert system forappl^ 

location hypodieses output by die context adjuster 1326. More precisely, the kxadon hypothesis analyzer 1332 indudes, in o.» embodiment, a 
blackboard manager for managing processes and data of a blackboard system. Additbnally. note dat in a second embodlment.wh.r, an 
expert system b utifized mstead of a blackboard system, d» tocation hypothesisanalyzer pmvides an expert system inference engine for the 
expertjystem. Nme to additbnal detail on tiieseaspecu of die invention are provided hereinbekw. 

Additionally, note diat the hypothesis analyzer 1332 may activate one or more extrapolation procedures to extrapolate target MS 
140 btation hypodieses already processed. Thus, when one or more new tocation hypodsses are suppfied (by die context adjuster 1224) having 
a substantially more recent timestamp, the hypodiesis analyzer may invoke an extrapolation module (i.e.. bation extrapolator 1432. fig. 7) for 
adjusting any prevbus bcuion hypotheses for die sanie target MS 140 dat are still bemg use^ 

target MS bcatkin hypodieses (far die same target MS) king concuriendy analyzed ate presumed to be for substantially die same time. 
Aciordingly.suchaprevious tocation hypothesis diat is. forexample. 15 seconds oWer than a newly suppTied bcatkin hypothesis (from perhaps 
adiffeient FOH 1224) may have both: (a)an MS tocation estimate changed (e^,to account fora movememof die target HS).and (b) its 
confidence changed (e.g, to leflea a reduced tonfidcnte in du accuracy of the locatbn hypothesis). 

It b important to note that die ardiiteaure of the presem invention b such that the hypothesb analyzer 1332 has an extensible 
artWtetture. That b. additional tocation hypothesb analysis modules may be easily integrated into the hypodiesb analyzer 1332 as further 
umlerstanding regarding the behaviorof wireless signab within dwservke area 120 becom^^ 

not be required In areas having rehtively piedlctable signal patterns. Thus, in such service areas, such unnecessary modules may be easily 
removed or not even devetoped. 

nost Likelihood Eulmator Introduction 
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The mort nkelihood estimator 1344 isa modufe for determining a ""most fikely- toiion estimate for a target HS being (ocated by 
the iDQtion engine 139. The most fitelihood estimator 1344 receives a CDlleaion of active or relevant loatbn hypotheses from the hypothesis 
analyzer 1332 and uses these bQtbn hypotheses to determine one or more most likely estimates for the target MS 140. Still referring to the 
hypothesis evaluator 1228, it is important to note that not all the above memioned modules are required in all embodiments of the present 
im^ention. In particular, for some coverage areas 120. the hypothesis analyzer 1332 may be unnecessary. Accordingly, in such an embodimem. 
the enhanced location hypothesis output by the comext adjuster 1326 are provided direal/ to the most likelihood estimator 1344. 

Control and Output Gating Modules 

A fourth funcdonal group of location engine 139 modules is the control and outpm 
center control subsystem 1 350. and the output gateway 1356. The locatbn control subsystem 1350 provides the highest level of contn)! and 
monitoring of the data processing perfomied by the location cemer 142. In particular, this subsystem performs the following functbns: 

(a) contrt)is and monitors ktcation estimating processing for each target MS 140. Note that this includes high level exaption or 

error handling functiom; 

(b) receives and routes external information as rtecessary. For instance, this subsystem may receive (via. e.g, the public telephone 

switching networicand Internet 1362) such environmemalinformationas increased signal noise in a partic^^ aredue 
to increase traffic, a change in weather conditions, a base station 122 (or other infrastroaure provisioning), change in 
operation status (e^, operational to inactive); 

(c) receives and directs locatbn processing requests from other location centers 142 (via. e.g.. the Internet); 

(d) performs accounting and billing procedures; 

(e) interacu with locatbn cemer operators by. for exampfe. receiving operator commands and providing output indicative of 

processing resources being utilized and maffunctbns; 
(I) provides access tooutput requirements forvariousapplicatbns requesting locatbn estimates, forexample.an Internet tocatbn 
request from a trucking company in los Angeles to a tocation cemer 1 42 in Denver may only want to know if a particular truck 
or driver is within the Denver area. Alternatively, a focal medical rescue unit is Hkely to request a precise a bcatbn estimate as 
possible. 

Note that in Fig. 6 (a) - (d) above are, at least at a high fevel. performed by utinzing the operator imerface 1374 . 

Referring now to the output gateway 1356. this module routes target fiS MO batbn estimates to the appropriate locatbn 
appfiation(s). For instance, upon receiving a loatbn estimate from the most fikelihood estimator 1344. the output gateway 1356 may 
determine that the locatbn estimate is for an automobile being tracked by the police and therefore must be provided must be provided 
according to the particular protocol 
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System Tuning and Adaptation: The Adaptation Engine 

A fifth functional groupof location engine 139 modules proyides the abiBty to enhance the MS tooting refability and/or accuracy of 
the present invention by providing it with the cafability to adapt to particuiar operating conftgurations. operating conditrans and wireless 
signafing environments without perfonning intensive manual analysis of the perfomiancfi of various embodiments of the toation engine 139. 
That is, this functional group automaticallir enhances the perfomanGe of the location engine for lotaring HSs MO within a particubr cover^ 
area 120 using at least one wireless network infrastructure therein^ More predsely.thB functional group altews the presem inventor 
by tuning or optimizing certain system parameters according to locatbn engine 139 location estimate accuracy and reliabiBty. 

There are a number location ei^ 139 system parameters whose values affea location estimation, and it is an aspea of the pr^sem 
invention that the MS location processing performed should become increasingly better at beating a target MS 140 not only through buildir^ an 
increasingly more detailed model of the sigiBl characteristia of location in the coverage area 1 20 such as discussed above regard'mg the 
locatbn signature data base 1320. but also by prwidmg automated capabiTrtBs for tte locatbn center processing to adapt by adjusting or 
^^tuning" the values of such focatbn center system parameters. 

Accordingly, the present invembn includes a module, denoted herein as an "adaptatbn engine" 1382. that performs an 
optimization procedure on the locatbn cemer 142 system parameters erther perbdicaily or concurremly with the operatbn of the bcatbn 
cemer in estimating MS locations. That is, the adaptatbn engine 1382 directs the modifications of the system parameters so that the focation 
engine 139 increases in overall accuracy in beating target MSs 140. In one embodimem, the adaptatbn engine 1382 inchides an embodiment of 
a genetic algorithm as the mechanism for modifying the system parameters. Genetic afeorithms are basically search algorithms based on the 
mechanics of natural genetics. The genetic algorithm utilized herein is included in the form of pseudo code in APPENDIX B. Note that to apply 
this genetic algorithm in the context of the bcatbn engine 139 architecture only a "coding scheme" and a "fitness function" are required as one 
slulled in the art will appreciate. Moreover, it b also within the scope of the present invention to use modified or different adaptive andM 
tuning mechanisms, for further information regarding such adaptive mechanisms, the foUowing references are incorporated herein by 
reference: GoWberg.D.E. (1989). Genetic algorithms for search, optimization, and machine learning. Reading, HA: Addison-Wesley 
Publishing Company; and HollaiHi. J. H. (1975) Adaptation in natural and artificial systems. Ann Arbor, Ml: The Unrvenity of Michigan Press. 

Implementations of First Order Models 

Further descriptions of various first order models 1224 are provided in this seaion. 

Distance First Order Models (TOAADOA) 

As discussed in the Location Cemer Architeaure Oveiv'iew seabn herein above, distance models determine a presumed 
directbn and/or distance that a target MS 140 is from one or more base stations 122. In some embodiments of distance models, the 
target MS loation esiimate($) generated arc obtained using radio signal analysis techniques that are quite general and therefore are 
not capable of taking into account the peculiarities of the topography of a panicular radio coverage area. For example, substantially 
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all radio signal analysis techniques using conventional procedures (or formulas) are based on "signal charaaeristic measuremenu" 
such as: 

(a) signal timing meajurEmenu (e.g.. TOA and TDOA), 

(b) signal strength measurements, and/or 

(c) signal angle o\ arrival measurements. 

furthermore, such signal analysis techniques are likely predicated on certain very general assumptions that can not fully account for 
signal attenuation and mdtipath due to a particular radio coverage area topography. 

Taking CDMA or TDHA base station network as an example, each base station (BS) 122 is required to emit a constant 
signal-strength pilot channel pseudo-noise (PN) sequence on the forward link channel identified unk|uely in the network by a pilot 
sequence of f jet and frequency assignment It is possible to use the pilot channeU of the aaive. candidate, neighboring and remaining 
sets, maintained in the target MS, for obtaining signal charaaeristic measurements (e.g.. TOA and/or TDOA measurements) between 
the target MS MO and the base stations in one or more of these sets. 

Based on such signal characteristic measurements and the speed of signal propagation, signal charaaeristic ranges or 
range differences related to the tocation of the target MS 140 can be calculated. Using TOA and/or TDOA ranges as exemplary, these 
ranges can then be input to either the radius-radius multilateration or the time difference multilateration algorithms along with the 
known positions of the corresponding base stations 122 to thereby obtain one or more locatior» estimates of the target MS 140. For 
example, if there are. four base stations 122 in the aaive set, the target MS 140 may cooperate with each of the base stations in this 
set to provide signal arrival time measurements. Accordingly, each of the resulting four sets of three of these base stations 122 may 
be used to provide an estimate of the target MS 140 as one skilled in the art will understand. Thus, potentially (assuming the 
measurements for each set of three base stations yields a feasible location solution) there are four estimates for the location of the 
target MS 140, Further, since such measurements and BS 122 positions can be sent either to the network or the target MS 140, 
location can be determined in either entity. 

Since many of the signal measurements utilized by embodiments of distance models are subjea to signal attenuation and 
multipath due to a particular area topography. Many of the sets of base stations from which target MS location estimates are desired 
may result in either no location estimate, or an inaccurate location estimate. 

Accordingly, some embodiments of distance FOMs may attempt to mitigate such ambiguity or inaccuracies by. e.g., 
identifying discrepancies (or consistencies) between arrival time measurements and other measurements (e.g.. signal strength), these 
discrepancies (or consistencies) may be used to filter out at least those signal measuremenu and/or generated h)cation estimates that 
appear less accurate. In particular, such identifying may filtering can be performed by, for example, an expert system residing in the 
distance FOM. 

A second approach for mitigating such ambiguity or confliaing MS location estimates is particularly novel in that each of 
the target MS location estimares is used to generate a location hypothesis regardless of its apparent accuracy. Accordingly, these 
location hypotheses are input to an alternative embodiment of the context adjuster 1326 that is substantially (but not identical to) 
the context adjuster as described in detail in APPENDIX D so that each location hypothesis may be adjusted to enhance its aauracy. 
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In contradijtincttan to the embodimm o( tht context adjuster 1326 of APPENDIX D. lyhere each loation hypothesis is adjusted 
according to past performance of its generating f OH 1224 in an arta of the initial loation estimate of the location hypothesis (the 
area, e.g, determined as a funaioo of distance from this initial location estimate), this alternative embodiment adjusts each of the 
location hypotheses genemed by a distance firs, order model according to a past performance of the model as applied t. signal 
charaaeristic measuremenu from the same set of base stations 122 as were used in generating the location hypothesis. That is. 
instead of only using only an identification of the distance model {i.e, its f 0«_ID) ,o. for example, retrieve archived location 
estimates genemed by the model in an area of the location hypothesis' estimate (when determining the model's paH performance), 
the retrieval retrieves onbr the archived location estimates that ate, in addition, derived from the signal characteristics measurement 
obtained from the same collection of base stations 122 as was used in generating the location hypothesis. Thus, the adjuament 
performed by this erhbodiment of the context adjuster 1326 adjusu according to the past perfonnance of the dbtance model and the 
collection of base stations 122 used. 

Coverage Area First Order Model 

Radio coverage area of individual base stattons 122 may be used to generate location estimates of the targe. MS 140. 
Although a firs, order model 1224 based on this notion may be less accurate than other techniques, if a reasonably accurate RF 
coveoge area is known for each (or most) of the base stations 122. then such a FOM (denoted hereinafter as a -coverage area firs, 
order model" or simply "coverage area model") may be very reliable. To determine approximate maximum radio frequency (RF) 
loation coverage areas, with respect to BSs 122. antennas and/or sector coverage areas, for a given class (or classes) of (..g.. COMA 
or TDMA) mobile station(s) 140. location coverage should be based on an HS's ability t. adequately detect the pilot channel.'as 
opposed to adequate signal quality for purposes of carrying user-acceptable traffic in the voice channel. Note that more ene,^ is 
necessanr (or traffic channel aaivity (typically on the order of at least -94 to -1 04 dBm received signal strength) to support voice, 
than energy needed to simply detect a pilot channel's presence for location purposes (typically a maximum weakest signal strength 
range of between -104 to -1 10 dBm). thus the "Location Coverage Area" will general^ be a larger area than tha. of a typical "Voice 
Coverage Area", although industry studies have found some occurrences of "no-coverage" ar«, within a la.|er covered area. An 
example of a coverage area including both a "dead tone". U.. area of no coverage, and a "notch" (of also no coverage) is shown in 
Rg. 15. 

The approximate maximum RF coverage area for a given sector of (more generally angular range about) a base station 122 
may be .epresented as a set of points representing a polygonal area (potentially with, e.g, holes therein to account for dead tones 
and/or notches). Note that if such polygonal RF coverage area representations can be reliably determined and maintained over time 
(for one or more B$ signal power level settings), then such representations can be used in providing a set theoretic or Venn diagram 
approach to estimating the location of a targe. MS 140. Coverage area first order models utilize such an approach. 
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One embodiment, a coverage area model utilizes both the deteaion and non-deteaion of baje stations 122 by the target 
MS 140 (conversely, of the MS by one or more base stations 122) to define an area where the target MS 140 may likely be. A relatively 
straightforward application of this technique is to: 

(a) find all areas of interscaion for base station RF coverage area representations, wherein: (i) the corresponding base 

stations are on-line for communicating with MSs 140; (ii) the Rf coverage area representations are deemed reliable 
for the power levels of the on-line base stations; (m) the on-line base stations having reliable coverage area 
represenutions can be deteaed by the target MS; and (iv) each interseaion must include a predetermined number of 
the reliable RF coverage area representations (e.g^ 2 or 3); and 

(b) obtain new location estimates by subtracting from each of the areas of interseaion any of the reiiable Rf coverage area 

representations for base stations 122 that can not be delected by the target MS. 
Accordingly, the new areas may be used to generate location hypotheses. 

Location Base Station Fim Order Model 

In the location base station (LBS) model (POM 1224), a database is accessed which contains elearical. radio propagation 
and coverage area chararteristics of each of the location base stations in the radio coverage area. The LBS model is an aaive model, 
in that it can probe or excite one or more particular LBSs 152 in an area for which the target MS 140 to be located is suspected to be 
placed. Accordingly, the LBS model may receive as input a most likely target MS 140 location estimate previously output by the 
location engine 139 of the present invention, and use this loation estimate to determine which (if any) LBSs 152 to activate and/or 
deactivate for enhancing a subsequent location estimate of the target MS. Moreover, the feedback from the aaivated LBSs 152 may 
be provided to other fOMs 1224, as appropriate, as well as to the LBS model. However, it is an important aspect of the LBS model 
that when it receives such feedback, it may output location hypotheses having relatively small target MS 140 location area estimates 
about the active LBSs 152 and each such locatbn hypothesis also has a high confidence value indicative of the target MS 140 
positively being in the corresponding location area estimate (eg., a confidence value of .9 to -H), or having a high confidence value 
indicative of the target MS 140 not being in the corresponding batm area estimate {i.e., a confidence value of -0.9 to -I ). Note 
that in some embodiments of the LBS model, these embodiments may have functionality similar to that of the coverage area fint 
order model described above. Further note that for LBSs within a neighborhood of the target MS wherein there is a reasonable chance 
that with movement of the target MS may be detected by these LBSs, such LBSs may be requested to periodically aaivate. (Note, that 
it is not assumed that such LBSs have an on-line external power source; e.g., some may be solar powered). Moreover, in the case 
where an LBS 152 includes sufficient electronics to carry voice communication with the target MS 140 and is the prima^ BS for the 
target MS (or alternatively, in the aaive or candidate set), then the LBS model will not deactivate this particular LBS during its 
procedure of activating and deactivating various LBSs 152. 
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The stochastic first order models may use sotisfral prediaion techniques such as principle decompojitlon, partial lean 
squares, partial least squares, or other regression techniques for prediaing^rexainple^ 

target MS from one or more base stations 122. e^, Sollenger Bands. Additionally, some embodimems may use Markov processes and 
Random Walks (predicted incremental MS movement) tor determining an expected area within which the target MS 140 is likely to be. 
That is. such a pmcess measures the incremental time differences of each pibi as the MS moves for predicting a size of a location ar«a 
enimate using past MS estimates such as the verifred locatbn signatures in the kotion signature data base 1320. 

Pattern Kecognition and Adaptive Hrst Order Models 

It is a particuUrty important aspea of the present invention to ptovWe: 

(a) one or more f OHs 1 224 that generate target MS 140 location estimates by using pattern recognition or associativity 

techniques, and/or 

(b) one or more fOMs 1224 that are adaptive or trainable so that such fOMs may generate increasingly more accurate 

target MS location estimates from additional training. 

Statistically Based Pattern KKOgnition first Order Models 

Regarding FOMs 1 224 using pattern recognition or associativity techniques, there are many such techniques available, for 
example, there are statistically based systems such as "CAKT" (aoacronym for aassifotlon and Regression Trees) by ANGOSS 
Software International Umited of Toronto, Canada that may be used for automatiolly lor deteaing or recognizing panems in data 
thai were unprovided (and likely previously unknown). Accordingly, by Imposing a relatively fine mesh or grid of cells of the radk> 
coverage area, wherein each cell is entirely within a particular area type categorization such as the transmlssMn area types (discussed 
in the seaion. "Coverage Area: Area Types And Their Determination" above), the verified location signature clusters within the cells 
of each area type may be analyzed for signal charaaeristic patterns. If such patterns are found, then they can be used to identify at 
least a fikely area type in which a target HS is likely to be looted. That is. one or more tocation hypotheses may be generated having 
target MS 140 loation estimates that cover an area having the Hkely area type wherein the target MS 140 is located. Further note 
that such statistically based pattern recognition systems as "CAUr Include software code generators for generating expert system 
software embodimems for recognizing the patterns deteaed within a training set (e.g. the verified loation signature clusters). 

Accordingly, although an embodiment of a FOM as described here may not be exceedingly accurate, it may be ve7 reliable. 
Thus, since a fundamental aspeo of the present invenuon is to use a plurality MS location techniques for generating location 
estimates and to analyze the generated estimates (likely after being adjusted) to detect patterns of convergence or clustering among 
the estimates, even large H$ loation area esrimates are useful. Forexample. It can be the case that four different and relatively large 
MS location estimates, each having very high renability. have an area of interseaion chat u acceptably precise and inheriu (he very 
high renability from each of the large MS loation estimates from which the interseaion area was derived. 
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A similar statistically based FOM 1224 to the one above may be provided wherein the radio coverage area is decomposed 
substantially as above, but addition to using the signal charaacristics for deteaing useful signal panerns, the specific identifications 
of the base station 122 providing the signal charaaeristics may also be used. Thus, assuming there is a sufficient density of verified 
location signature clusters in some of the mesh cells so that the statistical pattern recognizer can detect patterns in the signal 
chararteristic measurements, an expert system may be generated that outputs a target MS 140 location estimate that may provide 
both a reliable and accurate location estimate of a urget MS 140. 

Adaptive/Trainable first Order Models 



Adaptive/I rainable first Order Models 

The term adaptive is used to describe a data processing component that an modify hs data processing behavior in 
response to certain inputs that are used to change how subsequent inputs are processed by the component. Accordingly, a data 
processing componeni may be "explicitly adaptive^ by modifying its behavior accortling to the input of explicit instructions or control 
data that is input for changing the component's subsequent behavior in ways that are predictable and expected. That is; the input 
encodes explicit instruaions that are known by a user of the component Alternatively, a data processing component may be 
-implicitly adaptive" in that its behavior is modified by other than instruaions or control data whose meaning is known by a user of 
the component. For example, such implicitly adaptive data processors may learn by training on examples, by substantially unguided 
exploration of a solution space, or other data driven adaptive strategies such as statistically generated decision trees. Accordingly, it 
is an aspea of the present invention to utilize not only explicitly adaptive MS location estimators within FOMs 1224, but also 
implicitly adaptive MS location esttmaton. In particular, artificial neural networks (also denoted neural nets and ANNs herein) ar« 
used in some embodiments as implicitly adaptive MS location estimators within FOMs. Thus, in the seaions below, neural net 
architeaures and their application to locating an MS is described. 

Artificial Neural Networks For MS Location 

Artificial neural networks may be particularly useful in developing one or more first order models 1224 for locating an MS 
140. since, for example, ANNs can be trained for classifying and/or associatively pattern matching of various RF signal measuremena 
such as the bcation signatures. That is. by training one or more artificial neural nets using RF signal measurements from verified 
locations so that RF signal transmissions charaaeristics indicative of particular locations are associated with their corresponding 
locations, such trained artificial neural nets can be used to provide additional target MS 140 loation hypotheses. Moreover, it is an 
aspea of the presem invention that the training of such artificial neural net based FOMs (AN N FOMs) is provided without manual 
intervention as will be discussed hereinbclow. 
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Artificial Neural Networb That ConYeige on Hear Optimal Solutions 

It i$ as an aspea of the present invention to use an adaptive neural network architectuie which has the ability to explore 
the parameter or matrix weight space corresponding to a ANN for determining new configurations of weights that reduce an objective 
or eror function indkatmg the error in the output of the ANN over some aggregate set of input dau ensembles. Accordingly, in one 
embodiment, a genetic algorithm b used to provide such an adaptation capability. However, it is also within the scope of the present 
invention to m other adaptive techniques such as. for example, simulated annealing, casade correlation with multistaru. gradient 
descent with multistarts. and truncated Newton's method with multistaru. asone skilled in the art of neural network computing will 
understand. 

Artificial Neural Networks as MS Location Estimaton lor first Order Models 

Although there have been substantial advances in artificial neural net computing in both hardware and software, it tan be 
difficult to choose a particular ANN architecture and appropriate training data for yielding high quality resulu. In choosing a ANN 
arcbiteaui? at least the followmg three criteria are chosen (either implicitly or explicitly): 

(a) a learning paradigm: Le.. does the ANN require supervised training (i.e.. being provided with indications of correct and 

incorrea performance), unsupervised training, or a hybrid of both (sometimes referred to as reinforcement); 

(b) a collection of learning rules for indicating how to update the ANN; 

(c) a learning algorithm for using the learning rules for adjusting the ANN weights. 
Furthermore, there are other implcmentation issues such as: 

(d) how many layers a artificial neural net should have to effeaively apture the patterns embedded within the training 

data. For example, the benefiu of using small ANN are many, less cottly to implement, faster, and tend to generalize 
better because they avoid ovetfitting weights to training patterns. That is. in general, more unknown parameters 
(weights) induce more local and global minima in the error surface or spate. However, the error surface of smaller 
neu can be very rugged and have few good solutions, making it difficult for a total minimization algorithm to find a 
good solution from a random starting point as one skilled in the an will understand; 

(e) how many units or neurons to provide per layer; 

(0 how large shoukt the training set be presented to provide effeaive generaliiation to non-training data 
(g) what type of transfer funaions should be used. 

However, the archttecture of the present invention allows substantial nextbility m the implementation of ANN for FOMs 
1224. In particular, there is no need to choose only one artificial neural net architeaure and/or implementation in that a plurality of 
ANNS may be accommodated by the architecture of the location engine 1 39. Furthermore, it is important to keep in mind that it may 
not be necessary to train a ANN for a FOH as rigorously as is done in typical ANN appliations since the accuracy and reliability in 
estimating the location of a target MS MO with the presem invemloo comes from synergisfically utilizing a plurality of different MS 
tocation estimaton. each of which may be undesirable in terms ol accuracy and/or reliability in some areas, but when their estimates 
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are synergistically u«d as in the location engine 139. accurate and reliable location estimatej can be attained. Accordingly, one 
embodiment of the present invention may have a plurality of moderately well trained ANNs having different neural net architeaores 
such as: multilayer perceptrons, adaptive resonance theory models, and radial basis function networks. 

Additionally, many of the above mentioned ANN architeaure and implementation decisions can be addressed substantially 
automatially by various commercial artificial neural net development systems such as: **NEUROGENETIC OPTIMIZER" by BioComp 
Systems, wherein genetic algorithms are used to optimize and configure ANNs, and artificial neural network hardware and software 
produas by Accurate Automation Corporation of Chattanooga, Tennessee, such as "ACCURATE AUTOMATION NEURAL NETWORK 
TOOLS. 

Artificial Neural Network Input and Output 

It is worthwhile to discuss the data representations for the inputs and outputs of a ANN used for generating MS location 
estimates. Regarding ANN input representations, reail that the signal proceuing subsystem 1220 may provide various RF signal 
measurements as input to an ANN (such as the Rf signal measurements derived from verified location signatures in the location 
signature data base 1320). For example, a representation of a histogram of the frequency of occurrence of CDMA fmgers in a time 
delay vs. signal strength 2-dimen$ional domain may be provided as input to such an ANN. In panicular, a 2^iimen$ional grid of 
srgnal strength versus time delay bins may be provided so that received signal measurements are slotted into an appropriate bin of 
the grid. In one embodiment, such a grid is a six by six array of bins such as illustrated in the left portion of Fig. M. That is, each of 
the signal strength and time delay axises are partitioned into six ranges so that both the signal strength and the time delay of RF 
signal measurements can be slotted into an appropriate range, thus determining the bin. 

Note that RF signal measurement data (i.e., location signatures) slotted into a grid of bins provides a convenient 
mechanism for classifying RF measurements received over time so that when each new RF measurement data is assigned to its bin, a 
counter for the bin can be incremented. Thus in one embodiment, the RF measurements for each bin can be represented piaorially as 
a histogram. In any case, once the RF measurements have been slotted into a grid, various filters may be applied for filtering outliers 
and noise prior to inputting bin values to an ANN. Further, various amounts of data from such a grid may be provided to an ANN. In 
one embodiment, the tally from each bin is provided to an ANN. Thus, as many as 108 values could be input to the ANN (two values 
defining each bin, and a tally for the bin). However, other representations are also possible. For instance, by ordering the bin rallies 
linearty, only 36 need be provided as ANN inpuL Alternatively, only representations of bins having the highest tallies may be 
provided as ANN input. Thus, for example, if the highest 10 bins and their tallies were provided as ANN input, then only 20 inputs 
need be provided (i.e^ 10 input pairs, each having a single bin identifier and a corresponding tally). 

In addition, note that the signal processing subsystem 1220 may also obtain the identifications of other base stations 122 
(152) for which their pilot channels can be dcteaed by the target MS 1 40 (i.e.. the forward path), or for which the base stations can 
detea a signal from the ta^et MS (i.e.. the reverse path). Thus, in order to effeaively utilize substantially all pertinent location RF 
signal measurements (i.e., from location signature data derived from communications between the target MS MO and the base station 
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infrastfuaurc). a technique ij provided wherein a plurality of AHNs may be activated using various portbns of an ensemble of 
loation signature data obtained. However, before describing this technique, it is worthwhile to note that a naive strategy of 
providing input to a single ANN for locating target MSs throughout an area having a large number of base stations (e.g.. 300) is likely 
to be undesirable. That U. given that each base station (antenna seaor) nearby the target MS is potentially able to provide the ANN 
with location signature data, the ANN would have to be extremely large and therefore may require inordinate training and 
retraining. For example, since there may be approximately 30 to 60 ANN inputs per location signature, an ANN for an area having 
even twenty base stations 122 can require at least 600 input neurons, and potentially as many as 1.420 (i.e., 20 base stations with 70 
inputs per base station and one input for every one of possibly 20 additional surrounding base stations in the radio coverage area 120 
that might be able to detect, or be deteaed by, a target MS 140 in the area corresponding to the ANN). 

Accordingly, the technique described herein hmits the number of input neurons in each ANN constructed and generates a 
larger number of these smaller ANNs. That is. each ANN is trained on location signature data (or. more precisely, portions of location 
signature clusters) in an area A,«« (hereinafter also denoted the "net area**), wherein each input neuron receives a unique input ^^>m 
eithen 

(Al) location signature data (e.g.. signal strength/time delay bin tallies) corresponding to transmissions between an MS 140 and a 
relatively small number of base stations 122 in the area k^. For instance, location signature data obuined from, forexample. 
four base stations 122 (or antenna seaors) in the area A^^., Note, each location signature data cluster includes fields 
describing the wireless communication devices used; e.g., (i) the make and model of the target MS; (ii) the current and 
maximum transmission powen (iii) the MS batte^ power (instantaneous or current); (iv) the base station (sector) current 
power level; (v) the base station make and model and revision level; (vi) the air interface type and revision level (of, e.g., CDMA. 
TDMAorAMPS). 

(A2) a discrete input corresponding to each base station 122 (or antenna sector 130) in a larger area containing wherein each 
such input here indicates whether the corresponding base station (sector): 

(i) is on-line (i.e., capable of wireless communication with MSs) and at least its pilot channel signal is deteaed by the target 
MS 140, but the base station (seaor) does not detca the target MS; 

(ii) is on-line and the base station (seaor) deteas a wireless transmission from the target MS, but the target MS does not 
detea the base station (sector) pilot channel signal; 

(iii) is on-line and the base station (seaor) detecu the target MS and the base station (seaor) is deteaed by the target MS; 

(iv) is on-line and the base station (seoor) does not detea the target MS, the base station is not deteaed by the target MS; or 

(v) is off-line (i.e^ incapable of wireless communication with one or more MSs). 
Note that (i)-(v) are hereinafter referred to as the "deteaion states." 

Thus, by generating an ANN for each of a plurality of net areas (potentially overlapping), a local emrironmental change in the wireless 
signal charaaeristia of one net area is unlikely to affea more than a small number of adjacent or overlapping net areas. 
Accordingly, such tocai environmental changes can be refleaed in that only the ANNs having net areas affeaed by the local change 
need to be retrained. Additionally, note that in cases where RF measurements from a ta^et MS 140 are received across multiple net 
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areaj, multiple ANNs may be aaivatcd, thus providing multiple MS location ejtimatex. further, multiple ANNs may be aaivated when 
a location signature cluster is received for a urgct MS 140 and location signature cluster includes location signature data 
corresponding to wireless transmissions between the MS and. e.g., more base stations (antenna seaors) than needed for the colleaion 
B described in the previous seaion. That is, if each collection 6 identifies four base stations 122 (antenna seaors), and a received 
location signature cluster includes location signature data corresponding to five base stations (antenna sectors), then there may be 
up to five ANNs aaivated to each generate a location estimate. 

Moreover, for each of the smaller ANKs, it is likely that the number of input neurons is on the order of 330; (i.e, 70 
inputs per each of four location signatures ( i.e., 35 inputs for (he forward wireless communications and 35 for the reverse wireless 
communications), plus 40 additional discrete inputs for an appropriate area surrounding Ajkn. plus 10 inputs related type of MS, 
power levels, etc. However, it is important to note that the number of base stations (or antenna seaors 130) having corresponding 
location signature data to be provided to such an ANN may va^. Thus, in some subareas of the coverage area 120, location signature 
data from five or more base stations (antenna seaon) may be used, whereas in other subareas three (or less) may be used. . 

Regarding the output from ANNs used in generating MS location estimates, there are also numerous options. In one 
embodiment, two values corresponding to the latitude and longitude of the target MS are estimated. Alternatively, by applying a 
mesh to the coverage area 120, such ANN output may be in the form ot a row value and a column value of a particularmesh cell (and 
its corresponding area) where the target MS is estimated to be. Note that the cell sizes of the mesh need not be of a particular shape 
nor of uniform size. However, simple non-oblong shapes are desirable. Moreover, such cells should be sized so that each cell has an 
area approximately the size of the maximum degree of location precision desired. Thus, assuming square mesh cells, 250 to 350 feet 
per cell side in an urban/suburban area, and 500 to 700 feet per cell side in a rural area may be desirable. 

Artificial Neural Network Training 

The following are steps provide one embodiment for training a location estimating ANN according to the present invention. 

(a) Determine a colleaion, C, of clusters of Rf signal measurements (i.e., location signatures) such that each cluster is for RF 

transmissions between an MS 140 and a common set, B, of base stations 122 (or antenna seaon 130) such the 
measuremenu are as described in (AI) above, in one embodiment, the colleaion C is determined by interrogating the 
location signature data base 1320 for verified location signature clusters stored therein having such a common set B of 
base stations (antenna seaors). Alternatively in arwther embodiment, note that the colleaion C may be determined 
from (i) the existing engineering and planning data from service providers who are planning wireless cell sites, or (ii) 
service provider test data obtained using mobile ten seu. access probes or other RF field measuring devices. Note that 
such a colleaion B of base stations (antenna seaors) should only be created when the set C of verified location signature 
clusters is of a sufficient size so that it is expeaed that the ANN can be effeaively trained. 

(b) Determine a colleaion of base stations (or antenna seaors 130), B'. from the common set B, wherein B* is small (e.g.. 

four or five). 
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(c) Determhtt the area, A^. to be aaociated with coUeaion B* of bate stationj (antenna scan). In one embodiment, thh 

area ij selected by determining an area containing the set I of loatiom of all verified location jignatore clusters 
determined in step (a) having loation signature data from each of the base stations (antenna senors) in the colleaion 
B'. More precisely, the area, nay be determined by providing a covering of the locations of L, such as. e.g.. by celts 
of a mesh of appropriately fine mesh site so that each cell is of a size not subsuntially larger than the maximum MS 
location accuracy desired. 

(d) Determine an additional collection, b. of base stations that have been previously deteaed (and/or are likely to be 

detected) by at least one MS in the area A,b,. 

(e) Train the ANN on input data related to: (i) signal characteristic measuremenu of signal transmissions between MSs MO at 

verified locations in A„n. and the base Jtatbns (antenna seaors) in the colleaion B'. and (u) discrete inputs of 
deteaion states from the base stations represented in the coDection b. for example, train the ANN on input including: 
(i) data from verified location signatures fiom each of the base stations (antenna sectors) in the colleaion B'. wherein 
each location signature is part of a cluster in the colleaion q (ii) a colleaion of discrete values corresponding to other 
base stations (antenna seaors) in the area b containing the area. A„n,. 

Regarding (d) immediately above, it is important to note that it is believed that less accuracy is required in training a ANN 
used lor generating a location hypothesis (in a fOM 1224) forihe present invention than in most applications of ANMs (or other 
irainable/adapthre componenu) since, in most circumstances, when signal measurements are provided for locating a target MS 140. 
the tocation engine 139 wUI aaivate a plurality locatfan hypothesis generating modules (corresponding to one or more fOMs 1224) ' 
for substantially simultaneously generating a plurality of different location estimates (i.e.. hypotheses). Thus, instead ol training 
each ANN so that it is expeaed to be. e.g, 91% or higher in accuracy, it is believed that synergies with MS location estimates from 
other location hypothesis generating components will elfeaively compensate for any reduced aauracy in such a ANN (or any other 
location hypothesis generating component). Accordingly, it is believed that training time for such ANNs may be reduced without 
substantially impaaing the MS locating performance of the location engine 139. 

finding Near-Optimal Location Estimating Artificial Neural Networks 

In one traditional artificial neural network training process, a relatively tedious set of trial and error steps may be 
performed for configuring an ANN so that traming produces effeaive learning. In particular, an ANN may require configuring 
parameters related to. for example, input data scaling. testAraining set clajsification. deteaing and removing unnecessary input 
variable selenbn. However, the present invention reduces this tedium. That is. the present invention uses mechanisms such as 
genetic algorithms or other mechanisms for avoiding non-optimal but locally appealing (i.e., local minimum) solutions, and locating 
near-optimal solutions instead. In particular, such mechanism may be used to adjust the matrix of weights for the ANNs so that ve^ 
good, near optimal ANN a.nfigurations may be found efficiently, furthermore, since the signal processing system 1220 uses various 
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types of signal processing filten for filtering the RF measurements received from transmissions between an MS 140 and one or more 
base stations (antenna seaors 130). such mechanisms for finding near-optimal solmions may be applied to selecting appropriate 
filters as well. Accordingly, in one embodiment of the present invention, such filters are paired with particular ANNs so that the 
location signature data supplied to each ANN is filtered according to a corresponding "filter description" for the ANN, wherein the 
filter description specifies the filten to be used on location signature data prior to inputting this data to the ANN. In particular, the 
filter description can define a pipeline of filten having a sequence of filten wherein for each two consecutive filten, f , and fj (f , 
preceding f^), in a filter description, the output of f, flows as input to fj. Accordingly, by encoding such a filter description together 
with its corresponding ANN so that the encoding can be provided to a near optima! solution finding mechanism such as a genetic 
algorithm, it is believed that enhanced ANN locating performance can be obtained. That is, the combined genetic codes of the filter 
description and the ANN are manipulated by the genetic algorithm in a search for a satisfaaory solution (i.e., location error estimates 
within a desired range). This process and system provides a mechanism for optimizing not only the artificial neural network 
architecture, but also identifying a near optimal match between the ANN and one or more signal processing filten. Accordingly, the 
following filten may be used in a filter pipeline of a filter description: Sobel, median, mean, histogram normalization, input cropping, 
neighbor. Gaussion, Weiner filten. 

One embodiment for impiementing the genetic evolving of filter description and ANN pain is provided by the following 
steps that may automatically performed without substantial manual effort 

1) Create an initial population of concatenated genotypes, or genetic representations for each pair of an artificial neural 

networks and corresponding filter description pair. Also, provide seed parameten which guide the scope and 
characterization of the artificial neural network architeaures. filter selection and parameten, genetic parameten and 
system control parameten. 

2) Prepare the input or training data, including, for example, any scaling and normalization of the data. 

3) Build phenotypes. or artificial neural network/filter description combinations based on the genotypes. 

4) Train and test the artificial neural network/filter description phenotype combinations to determine fitness; e.g.. 

determine an aggregate location error jneasurement for each network/filter description phenotype. 

5) Compare the fitnesses and/or erron. and retain the best network/filter description phenotypes. 

6) Selea the best networks/filter descriptions in the phenotype population (i.e, the combinations with small erron). 

7) Repopuiate the population of genotypes for the artificial neural networks and the filter descriptions back to a 

predetermined size using the selected phenotypes. 

8) Combine the artificial neural network genotypes and filter description genotypes thereby obtaining artificial neural 

network/filter combination genotypes. 

9) Mate the combination genotypes by exchanging genes or charaaeristics/features of the network/ filter combinations. 

10) If system parameter stopping criteria is not satisfied, return to step 3. 
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Note that artificial mural network genotypes raay be fonned by selecting various types of artificial neural network 
arrhiteaures suited to lunaion approximation, such as fast back propagation, as well as characterizing several varieties of candidate 
transfer/activation functions, such as ran^ togisdc. linear, sigmoid and radial basis, furthermore. ANNs having tsmphx inpua may 
be selected (as determined by a filter type in the signal processing subsystem 1220) for the genotypes. 

Examples of genetic parameters include: (a) maximum population siie (typical default: 300). (b) generation limit (typical 
default: 50). (c) selection aiteria. such as a certain percentage to survive (typical default Oi) or roulette wheel, (d) population 
«niling. such as random or doning (default), (e) mating criteria, such as tail swapping (defauh) or two cut swapping, (Q rate fo, a 
choice of mutation criterion, such as random exchange (default: 0 JS) or sectbn reversal, (g) populatwn si« of the concatenated 
artificial neural network/ filter combinations, (h) use ol statistical se«ii«g on the initial population to bias the nindom initialization 
toward stronger fim order relating variables, and (i) neural node influence factors. e.g, uiput nodes and hidden nodes. Such 
parameters can be used as weighting factors that influences the degree the system optimizes for accuracy versus network 
compactness, for example, aji input node laaor greater than 0 provides a means to reward artificial neural networia constructed 
that use fewer input variables (nodes). A reasonable default value is 0.1 lor both input and hidden m>de factors. 

Examples of neural net/filter description system control parameters include: (a) accuracy of modeling parameters, such as 
relative accuracy. S-squared. mean squared error, root mean squared error oraverage absolute error (default), and (b) stopping 
criteria parameters, such as generations run, ehpsed time, best accuracy found and population convergence. 

locating a Mobile Station Using Artificial Neural Networks 

When using an artificial neural network for estimating a location ol an H$ MO. it is important that the artificial neural 
network be provided with as much accurate Rf signal measurement data regarding signal transmissions between the urget MS 140 
and the base station infrastructure as possible. In particular, assuming ANN inputs as described hereinabove, it is desirable to obtain 
the deteaioD states ol as many surrounding base stations as possible. Thus, whenever the location engine 139 Is requested to tocate a 
urget MS 140 (and in particular in an emergency context such as an emergency 911 call), the loation center MO automatiolly 
transmits a request to the wireless infrastruaure to which the target MS is assigned for instructing the MS to raise its transmission 
power to full power for a short period of time (e.g, 100 milliseconds in a base station infrastruaure configuration an optimized lor 
such requests to 2 seconds in a non^ptimized configuration). Note that the request for a change in the transmission power level of 
the target HS has a further advantage lor location requests such as emergency 91 1 that are initiated from the MS itself in that a first 
ensemble of Rf signal measurements an be provided to the kication engine 139 at the initial 91 1 calling power level and then a 
second ensemble of RF signal meastiremems can be provided at a second higher transmission power leveL Thus, in one embodiment 
of the present invention, an artificial neural network can be trained not only on the location signature cluster derived from either the 
initial wireless 91 1 transmissions orthe full power transmissions, but also on the dilferences between these two transmissions. In 
particular, the difference in the detection states of the discrete ANN inputs between the two transmission power levels may provide 
useful additional information for more accurately estimating a location of a target MS. 
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it is important to note that when gathering RF signal measurements from a wireless base station network for locating MSs, 
the network should not be overburdened with location related traffic Acconiingly, note that network tocaiion data requesu for dau 
particularly useful for ANN based FOMs is generally confined to the requests to the base stations in the immediate area of a target MS 
140 whose location is desired, for instance, both collertions of base stations 6* and b discussed in the context of training an ANN are 
also the same collections of base stations from which MS location data would be requested. Thus, the wireless network MS location 
data requests are data driven in that the base stations to queried for location data (i.e. the colleaions B' and b) are determined by 
previous ftf signal measurement charaaeristics recorded. Accordingly, the selection of the colleaions and b are adaptable to 
changes in the wireless environmental characteristics of the coverage area 120. 

LOCATION SIGNATURE DATA BASE 

Before proceeding with a descriptbn of other levels of the present invemron as described in (24,1 ) through (243) above, in thb seaion 
further detail is provided regarding the kration signature data base 1320. Note thata brief description of the tocatron signature data base was 
provided above indiating that this data base stores MS loatron daa from verified andybr known locatrons (optionally with additional known 
environmental charaaeristic values) for use in enhancing current target MS tocation hypotheses and for comparing archived tocatton data with 
toation signal data obtained from a current target MS. However, the data base management system funnionality incorporated Jnto the 
location signature data base 1320 is an important aspect of the present invention, and is therefore described in this seawn. In particular, the 
data base management funaionality described herein addresses a number of difficulties encoumered in maimaining a large archive of signal 
processing data such as MS signal location data. Some of these difficulties can be described as fofbww: 

(a) in many signal processing contexts, in order to effectively utifize archVed signal processing data for enhancing the performance 

of a related signal processing appliation, there must be an large amount of signal related data in the archive, and this data 
must be adequately maintained so that as archived signal data becomes less useful to the corresponding signal processing 
application (i.e., the data becomes "inapplicable'') itt impart on the applicatwn should be correspondingly reduced. 
Moreover, as archive data becomes substantially inapplicable, it shouW be filtered from the archrve altogether. However, the 
siie of the data in the archive makes it prohibitive for such a process to be performed manually, and there may be no simple or 
straightforward techniques for automating such impad reduction or filtering processes for inapplicable signal data; 

(b) it is sometimes difficult to determine the archived data to use in comparing with newly obtained signal processing appfiatwn 
data; and 

(c) it is sometimes difficult to determine a useful technique for comparing archived data with newly obtained signal processing 
application data. 

It b an aspea of the present invention that the data base management funaionality of the tocation signature data base 1 320 addresses 
each of the difficulties mentioned immediately above. For example, regarding (a), the kxatbn signature data base is "self cleaning" in that by 
associating a confidence value with each loc sig in the data base and by reducing or increasing the confidences of archived verified toe sigs 
according to how well their signal characteristic data compares with newly received verified loation signature data, the kration signature data 
base 1320 maimairu a consistency with newly verified toe sigs. 
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The following data base management functional deicriptiom describe some of the more noteworthy funabns of the location signature 
data base 1320. Note that there are various ways that these funnions may be embodied. So as to not overburden the reader here, the details 
for one embodiment is provided in APPENDIX C ngi 16a thfDugh 16c present a table pro^^^^^ 
location signature data type stored in tbe location signature data base 1320. 

LOCATION SIGNATURE PROGRAM DESCRIPTIONS 

The following program updates the raridom loc sigs in the location signature data base 1320. In one embodiment, this program is 
invoked primarily by the Signal Processing Subsystem. 

Update location signature Database Program 

Update_Loc_Sig_DB(newJoc_obj, selection^criteria. loc_sig_j)op) 

/* This program updates loc sigs in the location signature data base 1320. That is. this program updates, for example, at 
least the location information for verified random loc sigs residing in this data base. The general strategy here is to use 
information (i.e, "new Joc_obj*^) received from a newly verified location (that may not yet be entered into the location 
signature dau base) to assist in determining if the previously stored random vcriried loc sigs are still reasonably valid to 
use for 

(29J) estimating a location for a given colleaion (i.e.. "bag") of wireless (e.g., COMA) location related signal 

charaaeristics received from an MS. 
(292) training (for example) adaptive location estimators (and location hypothesizing models), and 
(29J) comparing with wireless signal characteristics used in generating an MS location hypothesis by one of the HS 
location hypothesizing models (denoted first Order Models, or, FOMs). 
More precisely, since it is assumed that it is more likely that the newest location information obtained is more indicative of 
the wireless (CDMA) signal charaaeristia within some area surrounding a newly verified loation than the verified loc sigs 
(location signatures) previously entered into the Location Signature data base, such verified loc sigs are compared for 
signal charaaeristic consistency with the newly verified location information (object) input here for determining whether 
some of these "older" data base verified !oc sigs still appropriately charaaerize their associated location. 

In particular, comparisons are iteratively made here between each (target) loc sig "near" "newjoc_obj" and a 
population of loc sigs in the location signature data base 1320 (such population typically including the loc sig for 
"new_loc_obj) for 

(29.4) adjusting a confidence factor of the target loc sig. Note that each such confidence faaor is in the range [0. * J 
with 0 being the towest and I being the highest. Further note that a confidence faaor here can be raised as 
well as lowered depending on how well the target loc sig matches or is consistent with the population of loc 
sigs to which it is compared. Thus, the confidence in any parttcolar verified loc sig, IS, can f luauate with 
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successive invocations of this program if the input to the successive invocations are with location information 
geographically "near" LS. 

{19S) remove older verified loc sigs from use whose confidence value is below a predetermined threshold. Note, it is 
intended that such predetermined thresholds be substantially automatically adjustable by periodical^ testing 
various confidence factor thresholds in a specified geographic area to determine how well the eligible data 
base loc sigs (for different thresholds) perform in agreeing with a number of verified loc sigs in a "loc sig 
test-bed", wherein the test bed may be composed of, for example, repeatable loc sigs and recent random 
verified loc sigs. 

Note that this program may be invoked with a (verifiedAnown) random and/or repeatable loc sig as input. 
Furthermore, the target loc sigs to be updated may be selerted from a particular group of loc sigs such as the random loc 
sigs or the repeatable loc $igs» such selection being determined according to the input parameter^ "seleaion criteria" 
while the comparison population may be designated with the input parameter, "loc__sig_pop". For example, to update 
confidence faaors of certain random loc sigs near **newJoc_obj^ "ielection_criteria" may be given a value indicating. 
''USE_RAND0M_L0C_S1GS". and "loc_sig_pop" may be given a value indicating, "USE_REPEATABLE_l6c_SIGS". 
Thus, if in a given geographic area, the repeatable loc sigs (from, e.g., stationary transceivers) in the area have recently 
been updated, then by successively providing "new_k)c_obj'* with a loc sig for each of these repeatable loc sigs, the 
stored random loc sigs can have their confidences adjusted. 

Alternatively, in one embodiment of the present invention, the present funrtion may be used for determining 
when it is desirable to update repeatable loc sigs in a particular area (instead of automatically and periodically updating 
such repeatable loc sigs). For example, by adjusting the confidence fartors on repeatable loc sigs here provides a method 
for determining when repeatable loc sigs for a given area should be updated. That is. for example, when the area's average 
confidence faaor for the repeatable loc sigs drops below a given (potentially high) threshold, then the MSs that provide the 
repearable ioc sigs can be requested to respond with new ioc sigs for updating the data base. Note, however, that the 
approach presented in this funaion assumes that the repeatable location information in the location signature data base 
1320 is maintained with high confidence by, for example, frequent data base updating. Thus, the random location 
signature data base verified location information may be effeaively compared against the repeatable loc sigs in an area. 
INPUT: 

new_loc_obj: a data representation at least including a loc sig for an associated location about which Location 
Signature loc sigs are to have their confidences updated, 

seleaion_criteria: a data representation designating the loc sigs to be seleaed to have their confidences updated 
(may be defaulted). The following groups of loc sigs may be selected: ''USE_RANDOM_LOC_SIGS" (this is the 
default). USE JEPEATABLE JOC JIGS^ "USE_ALL_LOCJIGS". Note that each of these seleaions has values 
for the following values associated with it (although the values may be defaulted): 
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(a) a confidence reduction faaor (or reducing loc jig confidences, 

(b) a big error threshold for determining tlie erron above which are considered too big to ignore, 

(c) a confidence inc rease factor for Increasing loc sig confidences. 

(d) a small error threshold for determining the errors below which are considered too small (i.e., good) to 
ignore, 

(e) a recent time for specifying a time period for indicating the loc sigs here considered to be "recent". 
loc_sig_pop: a data representation of the type of loc sig population to which the loc sigs to be updated are 

compared. The following values may be provided: 

(a) ''USEALLL0CS!G5 IN DB". 

(b) "USE ONLY REPEATABIi LOC SIGS" (this U the default), 

(c) -USE ONLY LOC SIGS WITH SIMIUR TIME Of DAV* 

However, environmental characteristia such as: weather, traffic, season are also contemplated. 

Confidence Aging Program 

The following program reduces the confidence of verified loc sigs in the location signature data base 1320 that are likely to 
be no longer accurate (i.e., in agreement with comparable loc sigs in the data base). If the confidence is reduced low enough, then 
such loc sigs are removed fn>m the data base, further, if for a location signature data base verified location composite entity (i.e. a 
colleaion of loc sigs for the same loation and time), this entity no longer references any valid loc sigs. then it is also removed from 
the data base. Note that this program is invoiced by ''Update_Loc_Sig_DB**. 

r€duce_bad_DB_loc_5igj(loc^sig_bag . error_rec__set, big_error_threshold confidence_reduttion Jactor. 

recent_time) 

Inputs: 

loc_sig_bag: A colleaion or ^'bag" of loc sigs to be tested for determining if their confidences should be lowered 

and/or any of these loc sigs removed. 
error_rec_jet: A set of error records (objecu). denoted -error__recs". providing information as to bow much each 

loc sig in '•loc_sig_bag" disagrees with comparable loc sigs in the data base. That is. there is a 

Vror rec" here for each foe sig in "loc si g bif. 
big_error_threshold: The error threshold above which the errors are considered too big to ignore, 
confid€nce_reduction Jaaor: The fartor by which to reduce the confidence of loc sigs. 

reccnt_time: Time period beyond which toe sigs are no longer considered recent. Note that "recent" loc sigs (Le., 

more recent than "recentjime") are not subject to the confidence reduction and filtering of this 
aaions of this funaion. 
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Confidence Enhancement Program 

The following program increases the confidence of verified Location Signature loc sigs that are (seemingly) of higher 
accuracy (i.e.. in agreement with comparable loc sigs in the location signature dau base 1320). Note that this program is invoked by 
"Update_LocJig_DB". 

increase_confidence_of^good_OB_ioc_sigs(nearbyJoc_sigJag,error_rec_set,smail_error_thre5h 
confidence_increase_factor, recent_time); 

Inputs: 

loc_sig_bag: A colleaion or "bag" of to be tested for determining if their confidences should be increased. 

error_rec_set: A set of error records (objects), denoted -error_recs'\ providing information as to how much each 

loc sig in "loc_sig__bag" disagrees with comparable loc sigs in the location signature data base. That 

is. there is a "error rec" here for each loc siy in *'ioc sig baf. 
small_error_thrcshold: The error threshold below which the errors are considered too small to ignore, 
confidence_increase_faaon The factor by which to increase the confidence of loc sigs. 

recent jime: Time period beyond which loc sigs are no longer considered recent. Note that "recent" loc sigs (i.e., 

more recent than "recent jime") are not subject to the confidence reduaion and filtering of this 
actions of this funaion. 

Location Hypotheses Consistency Program 

The following program determines the consistency of location hypotheses with verified location information in the location 
signature data base 1320. Note that in the one embodiment of the present invention, this program is invoked primarily by a module 
denoted the historical location reasoner 1424 described seaions hereinbelow. Moreover, the detailed description for this program is 
provided with the description of the historical location reasoner hereinbelow for completeness, 
DB_LocJig_Error_Fit(hypothesi5, measured J oc_$ig_bag, search_criteria) 

/* This function determines how well the collection of loc sigs in «measurEd_loc_sig_bag" fit with the loc sigs in the location 
signature data base 1320 wherein the data base loc sigs must satisfy the criteria of the input parameter "search.criteria*' and 
are relatively close to the MS location estimate of the tocation hypothesis, "hypothesis^ 
Input: hypothesis: MS location hypothesis; 

measured Joc_sig^hag: A colleaion of measured bcation signatures ("loc sigs" for short) obtained from the MS 
(the data strumire here is an aggregation such as an array or list). Note, it is assumed that there is at most 
one lot sig here per Base Station in this colleaion. Additionally, note that the input data struaure here may 
be a loGtion signature cluster such as the "loc_sig_duster" field of a location hypothesis (cf. Fig. 9). Note 
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that variationj in input data jtmaures may be accepted here by utilization of flag or tag bits as one skilled in 
the art will appreciate; 

search_criteria: The criteria (or searching the verified location signature data base for various categories of he 
sigs. The only limitation on the types of categories that may be provided here is that, to he useful, each 
ategory should have meaningful number of loc sigs in the location signature data base. The following 
categories included here are illustrative, but othen arc contemplated: 
(a) "USE All LOC SIGS IN DB" {the default), 
(bj^-USEONLYREPEATABLE IOC SIGS". 
(c) "USE ONLY LOC SIGS WITH SIMILAR TIME Of DAY". 
Further categories of loc sigs close to the MS estimate of "hypothesis" contemplated are: all loc sigs for the 
same season and same time of day, all loc sigs during a specific weather condition (e.g.. snowing) and at the 
same time of day. as well as other limitations for other environmental conditions such as traffic patterns. 
Note, if this parameter is NIL, then (a) is assumed. 
Returns: An error objea (data type: "error_objecr) having: (a) an "error" field with a measurement of the error in the fit 
of the location signatures from the MS with verified location signatures in the location signature tlata base 1320; 
and (b) a "confidence" field with a value indicating the perceived confidence that is to be given to the "error" 
value. ♦/ 

Location Signature Comparison Program 

The following program compares: (al) loc sigs that are contained in (or derived from) the loc sigs in 
20 "target Joc_sig_bag" with (bl) loc sigs computed from verified loc sigs in the location signature data base 1320. That is. each loc 
sig from (al) is compared with a corresponding loc sig from (b) to obtain a measurement of the discrepancy between the two ioc sigs. 
In particular, assuming each of the loc sigs for "target_k)c_$ig_bag" correspond to the same target MS location, wherein this 
location is "target Joe", this program determines how well the toe sigs in "target_loc_sig_bag" fit with a computed or estimated 
loc sig for the location, "ta^et Joe" that is derived from the verified loc sigs in the loation signature data base 1320. Thus, this 
25 program may be used: (a2) for detennining how well the loc sigs in the location signature cluster for a target MS 

("taTget_loc_sig_bag") compares with loc sigs derived from verified location signatures in the loation signature data base, and 
(b2) for determining how consistent a given coliedon of loc sigs ("target Joc^sig bag") from the location signature data base is 
with other loc sigs in the location signature data base. Note that in (b2) each of the one or more loc sigs in "urget Joc_sig_bag" 
have an error computed here that can be used in determining if the loc sig is becoming inapplicable for predicting target MS locations. 
30 Determine_Location_$ignature_fit_Errors(target_loc, target Joc^sigjag, search_area. search_criteria, 

output_criteria) 

/* Input: target Joe An MS location or a location hypothesis for an MS. Note, this an be any of the following: 
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(a) An MS location hypothesis, in which case, if the hypothesis is inaccurate, then the loc sigs 
in "target_loc_sig_bag'' are the tocation signature cluster from which this location 
hypothesis was derived. Note that if this location is inaccurate, then 
"target_loc_sig_bag" is unlikely to be similar to the comparable loc sigs derived from 
the loc sigs of the location signature data base close *'ta^et_loc"; or 

(b) A previously verified MS location, in which ase, the loc sigs of "target_loc_sig_bag*' 
were the loc sigs measuremenu at the time they were verified. However, these loc sigs 
may or may not be accurate now. 

target_loc_sig_bag: Measured location signatures (**loc sigs" for short) obtained from the MS (the data 
structure here, bag, is an aggregation such as array or list). It is assumed that there is at least one loc sig 
in the bag. further, it is assumed that there is at most one loc sig per Base Station; 

search_area: The representation of the geographic area surrounding "targei_loc". This parameter is used for 
searching the Location Signature data base for verified loc sigs that correspond geographically to the 
location of an MS in •*search_area; 

searth_criteria: The criteria used in searching the location signature data base. The criteria may mcfude the 
following: 

(a) -USE ALL LOC SIGS IN DB", 

(b) "USE ONLY REPEATABLE LOCSIG$^ 

(c) ^'USE ONLY LOC SIGS WITH SIMIUR TIME OF DAY". 

However, environmental charaaeristia such as: weather, traffic, season are also contemplated. 
output_criteria: The criteria used in determining the error records to output in "error_rec_bag". The criteria 
here may include one of: 

(a) "OUTPUT ALL POSSIBLE ERROR RECS"; 

(b) "OUTPUT ERROR_RECS FOR INPUT LOC SIGS ONLY\ 

Returns: error_rec_bag: A bag of error records or objeas providing an indication of the similarity between each loc sig 
in "target_ioc_3ig_bag" and an estimated loc sig computed for "target Joe" from stored loc sigs in a surrounding 
area of "target Joe". Thus, each error record/objea in "error^rec bag" provides a measurement of how well a loc 
sig (i.e„ wireless signal charaaeristics) in "target_loc_$igJag" (for an associated BS and the MS at "target Joe") 
correlates with an estimated loc sig between this BS and MS. Note that the estimated loc sigs are determined using 
verified loation signatures in the Location Signature data base. Note, each error record in "error_rec_bag" 
includes: (a) a BS ID indicating the base station to which the error record corresponds; and (b) a error measurement 
(> = 0), and (c) a confidence value (in [0, 1]) indicating the confidence to be placed in the error measurement. 
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Computed Location Signatuic Progiam 

TfK following program rttelves a colleaion ol Ioc ligj and compotej a Ioc sig that ii representative or the Ioc sigj in the 
colleaion. That is. given a colleaion of Ioc ,igs. -|oc_«g_bag". wherein each tec sig is associated with the same predetermined Base 
Station, this program uses these Ioc sigs to compote a representative or estimated Ioc sig associated with the predetermined Base 
Station and associated with a predetermined MS location. "Iocjor_estimatio«-. Thus, if the toe sigs in -|oc_sig_bag" are from the 
verified tec sigs of tfie location signature data base such that each of these Ik sigs also has its associated HS laation relatively close 
to "bc_ror_estimation-. then this program can compute and return a reasonable appmimation of what a measured tec sig between 
an MS at ••bc_for_estimation- and the predetermined Base Station ought to be. This program is invoked by 
"'Determine_location_Sigiiatufe_Pit_Errois". 
estimateJoc_sig_froiii_DB(loc_for_estimation, loc_$ig_bag) 

Geographic Area Representation Program 

The following program determines and returns a representation ol a geographic area about a location. "Ioc". wherein: (a) 
the geographic area has associated MS locations for aB acceptable number (i^, a, bast a determined minimai number)' of verified Ioc 
sigs from the location signature data base, and (b) the geographical area is not too big. However, if there are not enough Ioc sigs in 
even a largest acceptable search area about "Ioc". then this largest search area is returned. "DBJocJig Jrror_Fit- 
get_area_to_search(loc) 

Location signature Comparison Progiam 

This program compares two location signatures, "urget_loc_sig" and "comparison Joc_sig", both associated with the 
same predetermined Base Station and the same predetermined MS location (or hypothesized location). This progiam determines a 
measure of the difference or error between the two Ioc sigs relative to the variability of the verified location signatures in a collection 
of tec sigs denoted the -compari«)nJoc_sig_bag" obuined from the tocation signature data base. It is assumed that 
-target_loc_srg-, -tomparison_loc_sig" and the tec sigs in "comparisonjoc_sig_bag" are all associated with the same base 
statten. This program returns an error record (object), "errar_rec". having an error or difference value and a confidence value for 
the error vahie. Note, the signal characteristics ol«target_loc_sig" and those of "comparison Jocjg" are not assumed to be 
similariy normaliied (e.g,via filters as per the fillers of the Signai Processing Subsystem) prior to entering this funaion. It is 
further assumed that typically the input Ioc sigs satisfy the "searth_criteria". This program is invoked by: the program, 
'Oettrmine_Location_Signature_f itjrrors", described above. 

get_difference_measurement(target_loc_jig, comparison Joc_sig,comparijon_loc_sig_bag,search_area. 

search_criteria) 

input 
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target_loc_$ig: The loc jig to which the "error_rec" determined here is to be associated. 

comparison_loc_jig: The loc sig to compare with the "Urget_loc_sig". Note, if "comparison_loc_sig'^ is NIU then this 

parameter has a value that corresponds to a noise level of "target loc jig", 
comparison_loc_sig_bag: The universe of loc sigs to use in determining an error measurement between "target_loc_$ig" and 

"comparison_loc_sig*' . Note, the loc sigs in this aggregation include alt loc sigs for the 
associated BS that are in the "sean:h_area**. 
$earch_area: A representation of the geographical area surrounding the location for all input loc sigs. This input is used for 

determining extra information about the search area in problematic circumstances. 
$earch_criteria: The criteria used in searching the location signature data base. The criteria may include the following: 

(a) **USEAlL LOC SIGS IN OB", 

(b) -USE ONLY REPEATABLE LOC SIGS*', 

(c) -USE ONLY LOC SIGS WITH SIMIUR TIME OF DAY 

However, emrironmental characteristics such as: weather, traffic, season are also contemplated. 

Detailed Description of the Hypothesis Evaluator Modules 
Context Adjuster Embodiments 

The context adjuster 1326 performs the first setofpotemially many adjustments to at least the confidences of location hypotheses, and in 
some importam embodiments, both the confidences and the target HS location estimates provided by FOHs 1224 may be adjusted according to 
previous performances of the FOHs. More particubrly, as memioned above, the context adjuster adjusts confidences so that, assuming there is 
a sufricient density verified location signature dusters captured in the toation signature data base 1320, the resuking loation hypotheses 
output by the context adjuster 1326 may be further processed uniformly and substantially without concern as to differences in accuracy 
between the first order models from which toation hypotheses originate. Accordingly, the context adjusteradjusts location hypotheses both 
to environmental factors (e.g., terrain, traffic, time of day, etuas desaibed in 30.1 above), and to how predictable or consistent each first 
order model (FOM) has been at locating previous target MS's whose kxations were subsequently verified. 

Of particular Importance is the novel compuiatbnal paradigm utilized herem. That is, if there is a suffrcient density of previous verified 
MS bcation data stored in the loation signature data base 1320. then die FOM bo^^ 

fi.e. the loation signature data base) for constructing new target HS 140 location estimates. A more detailed discussion of this aspea of the 
present invention is given hereinbelow. Aaordingly,only a brief overview is provided here. Thus, since the totation signature data base 1320 
stores previously captured MS location data including: 

(a) clusters of HS location sigrature signals (see the loation signature data base seaion for a discussion of these signals) and 

(b) a corresponding verifted MS loation, for each sudi chmer, from where the MS signaU originated, 
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the fljirtExt adjtmer 1326 m newty created target MS loatmn hyfrothesej output by the FOM'j as indexes or poimen into the kodon 
signature data base for identifying other geographial areas where the target MS 140 b likely to be krated based on the verifred MS loation 
data in the bcation signature data tase. 

In particuiar. at feast the folkwing two criteria are addressed by the context adjuster 1326: 

(311) Confidence values for location hypotheses are to be comparable regardless of first order models from which the tocation 

h]^the$e$ ordinate. That is, the context adjuster moderates or dampens confidence value assignment distinctbns or 
variations between first order modeb so that the h^her the confidence of a tocation hypothesis, the more fikely (or 
unfikely, if the tocation hypothesis indicates an area estimate where the target MS is NOT) the target MS is perceived to be 
in the estimated area of the focation hypothesis regardless of the First Order Mode! from which the tocation hypothesis was 
output; 

(312) Confidence vahies for loation hypotheses may be adjusted to account for current environmental charaaeristics such as 

month, day (weekday or weekend), time of day. area type (urban, rural, etc.). ti^ffic and/or weather when 
comparing how accurate the first order models have previously been in determining an MS location according to 
such environmental characteristics. For example, in one cmbodimem of the present invention, such 
environmental charaaeristics are accounted for by utilizing a transmission area type scheme (as discussed in 
seaion 5.9 above) when adjusting confidence values of location hypotheses. Details regarding the use of area 
types for adjusting the confidences of location hypotheses and provided hereinbelow. and in particular, in 
APPEHOiXD. 

Note that in satisfying the above two criteria, the context adjuster 1326, at least in one embodiment, may use heuristic (fuizy 
logic) rules to adjust the confidence values of loation hypotheses from the first order models. Additionally, the context adjuster 
may also satisfy the following criteria: 

(33.1) The context adjuster may adjust loation hypothesis confidences due to BS faiiure(s), 

(33.2) Additionally in one embodiment, the context adjuster may have a alibration mode for at least one of: 

(a) alibrattng the confidence values assigned by firat order models to their loation hypotheses outputs; 

(b) afibrating itself. 

A first embodiment of the context adjuster is discussed immediately hereinbelow and in APPENDIX D. However, the 
present invention also includes other embodiments of the context adjuster. A second embodiment is also described in Appendix D so 
as to not overburden the reader and thereby chance losing perspective of the overall invention. 

A description of the high level functions in an embodiment of the context adjuster 1326 follows. Details regarding the 
implementation of these functions are provided in APPENDIX D. Also, many of the terms used hereinbelow are defined in APPENDIX 
0. Accordingly, the program descriptions in this seaion provide the reader with an overview of this first embodiment of the context 
adjuster 1326. 



Comext_adjust€r(loc_hyp_list) 
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This funaion adjusts the toation hypotheses on the list, •*Iac_hypJist'\ so that the confidences of the location hypotheses 
are determined more by empirical data than default values from the first Order Models (224. That is, for each input location 
hypothesis, its confidence (and an M$ location area estimate) may be exclusively determined here if there are enough verified location 
signatures available withir .)nd/or surrounding the location hypothesis estimate. 

This function creates a new list of location hypotheses from the input list, "loc^hypjisr. wherein the location hypotheses on 
the new list are modified venions of those on the input fist for each location hypothesis on the input list» one or more corresponding 
location hypotheses will be on the output list. Such corresponding output location hypotheses will differ from their associated input 
location hypothesis by one or more of the following: (a) the "image_area** field (see fig. 9) may be assigned an area indicative of 
where the target MS is estimated to be, (b) if **image_area" is assigned, then the "confidence" field will be the confidence that the 
target MS is located in the area for *'image_area", (c) if there are not sufficient "nearby" verified location signature clusters in the 
location signature data base 1320 to entirely rely on a computed confidence using such verified location signature clusters, then two 
location hypotheses (having reduced confidences) will be returned, one having a reduced computed confidence (for "imagc_area") 
using the verified clusters in the Location Signature data base, and one being substantially the same as the associated input location 
hypothesis except that the confidence (for the field "area_est*') is reduced to reflea the confidence in iu paired location hypothesis 
having a computed confidfpce for "image_area". Note also, in some cases, the location hypotheses on the input list, may have no 
change to its confidence or the area to which the confidence applies. 
Get_adjusted_loc_hyp_list_for(loc_hyp) 

This funrtion returns a fist (or more generally, an aggregation objea) of one or more location hypotheses related to the 
input location hypothesis. '^locjyp". In particular, the returned location hypotheses on the list are "adjusted" versions of 
*'loc_hyp" in that both their target MS MO location estimates, and confidence placed in such estimates may be adjusted according to 
archival MS location information in the location signature data base 1320. Note that the steps herein are also provided in flowchart 
form in figs. 26a through 26c. 

RETURNS: loc_hyp Jist This b a list of one or more loation hypotheses related to the 

input '*loc_hyp^ Each location hypothesis on "loc_hyp_Ii$t" will typically be 
substantially the same as the input "loc^hyp** except that there may now be a new target 
MS estimate in the field, "image^area", and/or the confidence value may be changed to 
reflect information of verified location signature clusters in the location signature data 
base. 



The funaion. "get^adjustedjoc^hyp Jistjor," and f unaions ailed by this funaion presuppose a framework 
or paradigm that requires some discussion as well as the defining of some terms. Note that some of the terms defined hereinbelow 
are illustrated in fig. 243. 

Define the term the "the cluster set" to be the set of all MS location point estimates (e.g.. the values of the ''pt est" field of the 
location hypothesis data type), for the present f OM. such that 
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(a) these enimates are whhin a predetermined corresponding area (e.g, the "k)c_hyp.pt_covering" being juch a 
predetermined corresponding area, or more generally, this predetermined corresponding area is determined as a 
function of the dbtance from an initial location estimate, e^^ "loc_hyp.pt_est", from the FOM), and 

(b) these point estimates have veriHed location signature dusters in the location signature data base. 
5 Note that the predetermined corresponding area above will be denoted as the "cluster set area". 

Oefine the term "image duster set" (for a given First Order Model identified by "bcJyp.FOH_ID**) to mean the set of verified 
loation signature clusters whose MS location point estinrates are in "the duster set^ 

Note that an area containing the **image duster set" will be denoted as the "image duster set area" or simply the "image area" 
in some contexu. Further note that the "image cluster set area" will be a "smair area encompassing the "image cluster set". In one 
10 embodiment, the image duster set area will be the smallest covering of cells from the mesh for the present FOM that covers the 
comrex hull of the image cluster set Note that preferably, eadi cell of each mesh for each FOM is substantially contained within a 
single (transmission) area type. 

Thus, the present FOM provides the correspondences or mapping between elements of the duster set and elements of the image 
cluster set 
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confrdcnce_adjuster(FOM_ID. image_area. image_cluster_$et) 

This funaion returns a confidence value indicative of the urget MS 140 being in the area for "image_area". Note that 
the ueps for this function are provided in flowchart form in Figs. 27a and 27b. 

RETURNS: A confidence value. This b a value indicative of the target MS being located in the area represented by 

"image_area" (when it is assumed that for the related "loc_hyp." the "duster set area" U the "loc_hyp.pt_covering" 
and "loc hyp-FOM^ID" is "FOM JD"). 

The function. "confidence_adjuster." (and functions caIN by this function) presuppose a frameworkor paradigm that 
requires some discussion as well as the defining of terms. 

Define the term "mapped duster density" to be the number of the verified location signature dusters in an "image duster 
set" per unit of area in the "image duster set area". 

It is believed that the higher the "mapped duster density", the greater the confidence an be had that a target MS actually 
resides in the "image duster set area" when an estimate for the target MS (by the present FOM) is in the corresponding "the 
duster set". 

Thus, the mapped cluster density becomes an important factor in determining a confidence value for an estimated area of a 
tar^get MS such as, for example, the area represented by "image_area". However, the mapped cluster density value requires 
modification before it can be utilized in the confidence calculation. In particular, confidence values must be in the range [-1. IJ 
and a mapped duster density does not have this constraint. Thus, a "relativized mapped cluster density" for an estimated MS 
area is desired, wherein this relativized measurement is in the range [-1, + 1], and in particular, for positive confidences in the 
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/ange [0, f ]. Accordingly, to alleviate this difficulty, for the f OM define the term "prediaion mapped cluster density" as a 
mapped cluster density value, HCD, for the FOM and image cluster set area wherein: 

(i) MCD is sufficiemly high so that it correlates (at least at a predetermined likelihood threshold level) with the actual target 

riS location being in the "image cluster set area" when a f OM target MS location estimate is in the corresponding "cluster 

set area"; 

Tbat is. for a cluster set area (e.g, "lof_hyp.pt_covering") for the present f OM. if the image cluster set area: has a mapped 
cluster density greater than the "prediaion mapped cluster density", then there is a high likelihood of the tarj-et MS being in the 
image cluster set area. 

It is believed that tl.e prediction mapped cluster density will typically be dependent on one or more area types. In 
particular, i, b assumed that for each area type, there is a likely range of pmiiction mapped cluster density values that is 
substantially uniform across the area type. Accordingly, as discussed in detail hereinbelow. to calculate a pr«liction mapped 
cluster density for a particular area type, an estimate is made of the correbtion between the mapped duster densities of image 
anas (from cluster set areas) and the likelihood that il a verified MS location: (a) has a corresponding FOM MS estimate in the 
cluster set, and (b) is also in tlie particular area type, then the verified MS location b also in the image area. 

Thus. H an area is within a single area type, then such a "relativited mapped cluster density" measurement for.the area 
may be obtained by dividing the mapped cluster density by the prediaion mapped cluster density and taking the smaller of: the 
resulting ratio and 1.0 as the value for the rehtiviied mapped cluster density. 

In some (perhaps most) cases, however, an a,.a (e.g, an image cluster set area) may have portions in a number of area 
types. Accordingly, a "composite prediction mapped cluster density" may be a.mputed. wherein, a weighted sum b computed of 
the prediaion mapp«f cluster densities for the portions of the area that b in each of the area types. That is. the weighting, for 
each of the single area type prediction mapped cluster densities, b the fraaion of the total area that thb area type is. Thus, a 
-relativized composite mapped cluster density" for the area here may also be computed by dividing the mapped cluster density 
by the composite predktion mapped cluster density and taking the smaller of: the resulting ratio and 1.0 as the value for the 
relativized composite mapped cluster density. 
Accordingly, note that as such a relativized (composite) mapped cluster density for an image cluster set ar.a increases/decreases, it is 
assumed that the confidence of the target MS being in the Image cluster set area should increase/decrease, 
respectively, 

get_compo$ite_prediaion_mapped_duster_den$ityJor_high_certainty(fOM_ID,image_area): 

The present f unaion determimjs a composite prediaion mapped cluster density by determining a composite prediaion 
mapped cluster density for the a,Ba represented by -image_area" and for the First Order Mode! identified by "f OM_ID". 
OUTPUT: composite_mapped_den$ity This is a record for the composite prediaion 
mapped duster density. In particular, there are with two fields: 
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(i) a "value" field giving an approximation to the prediaion mapped cluster density for the first 
Order Model having id JOri_ID; 

(ii) a "reliability" field giving an indication as to the reliability of the "value" field. The reliability 
field is in the range (0, 1] with 0 indicating that the "value" field is worthless and the larger the 
value the more assurance can be put in "value" with maximal assurance indiated when "reliability' 
is I. 



get_predirtion_mapped_cluster_den$ityJor(FOM_ID,area_type) 

The present funaion determines an approximation to a prediction mapped cluster density, D, for an area type such that if an 
image cluster set area has a mapped cluster density > = 0. then there U a high expertation that the target MS MO is in the 
image cluster set area. Note that there are a number of embodiments that may be utilized for this funaion. The steps herein are 
also provided in flowchart form in figs. 29a through 29h. 

OUTPUT: prediaion_mapped_cluster Jensity This is a value giving an approximation to the prediaion mapped 

cluster density for the fint Order Model having identity, **fOM_ID", and for the area type represented by 
"area_type" */ 



It is important to note that the computation here for the prediction mapped cluster density may be more intense than 
some other compuutions but the cluster densities computed here need not be performed in real time target M5 loation 
processing. That is. the steps of this function may be performed only periodically (e.g.. once a week), for each FOH and each area 
type thereby precomputing the output for this funaion. Accordingly, the values obtained here may be stored in a table that is 
accessed during real time target MS location processing. However, for simplicity, only the periodically performed steps are 
presented here. However, one skilled in the art will understand that with sufficiently fast computational devices, some related 
variations of this funaion may be performed in real-time. In particular, instead of supplying area type as an input to this 
funaion. a particular area. A, may be provided such as tlie image area for a cluster set area, or, the portion of such an image area 
in a particular area type. Accordingly, wherever "area_type" is used in a statement of the embodiment of this funrtion below, a 
comparable statement with "A" can be provided. 



Location Hypothesis Analyzer Embodiment 

Referring now to Fig. 7. an embodimem of the Hypothesis Analyzer is illustrated. The control componem is denoted the control 
module 1400 . Thus, this control module manages or controls access to the run time loatron hypothesis storage area 1410. The control module 
1400 and the run time location hypothesis storage area 1410 may be implemented as a blackboard system and/or an expert system. 
Accordingly, in the blackboard embodiment, , and the comral module 1400 determines when new tocatbn hypotheses may be entered omo the 
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blackboard from other processcj such as the context adjuster 1326 as well as when locatbn hypotheses may be output to the most likelihood 
estimator 1344. 

The foltowing is a brief description of each submodule induded in the location hypothesis analyzer 1332. 

(35.1) A control module 1400 for marmging or controlling further processing of tocation hypotheses received from the context adjuster. This 
module controls all tocation hypothesis processing within the tocation hypothesis analyzer as well as providing the input interface with 
the context adjuster. There are numerous embodiments that may be utilized for this module, induding, but not limrted to, expen 
Sfstzm and blackboard managers. 

(35 J) A run-time tocation hypothesis storage area 1410 for retaining location hypotheses during their processing by the tocation hypotheses 
aralyzcr. This can be, forexample» an expert system fact base or a blackboard. Note that in some of the discussion hereinbetow, for 
simplidty, this module is referred to as a "blackboard". However, it is not intended that such notation be a limitation on the pr? sem 
invention; i^, the term **blackboard" hereinafter will denote a run-time data repository for a data processing paradigm wherein the 
ftowof control is substantially data-driven. 

(353) An analytical reasoner module 1416 for determining if (or bow well) tocation hypotheses are consistent with well known physical or 
heuristic constraints as, e.g^ mentioned in (30.4) above. Note that this module may be a daemon or expert system rule base. 

(35.4) An historical focatton reasoner module 1424 for adjusting tocation hypotheses' confrfences according to how well the tocation signature 
characteristia (u^ loc sigs) associated with a tocation hypothesu compare with "nearby" toe sigs in the loation signature data base 
as indicated in (30J) above. Note that this module may also be a daemon or expert system rule base. 

(35i) A location extrapolator module 1432 for use in updating prevtous tocation estimates for a target MS when a more recent toation 

hypotiiesis is provided to the tocation hypothesis analyzer 1332. That is. assume that the control module 1400 receives a new tocatton 
hypothesis for a target MS for which there are also one or more prevtous tocation hypotheses that either have been recently processed 
fte., they reside in the MS status repository 1338, as shown best in Fig. 6), or are curremly being processed (i.e., they reside in the run- 
time tocatton hypothesis storage area 1410). Accordingly, if the aaivejimestamp (see fig. 9 regarding tocation hypothesis data 
fieMs) of the newly received tocatton hypothesis is sufficiently more recent than the aaivejimestamp of one of these previous toation 
hypotheses, then an extrapolation may be performed by the tocation extrapolator module 1432 on sudi previous tocatton hypotheses so 
that all target MS location hypotheses being concurrently analyzed arc presumed to include target MS tocatton estimates for 
substantially the same point in time. Thus, initial tocation estimates generated by the f OMs using different wireleu signal 
measurements, from different lignal transmisston time intervals, may have their correspondmg dependent tocation hypotheses utifized 
simultaneously for determining a most Bkely target MS toation enimate. Note that this module may also be daemon or expen system 
rule base. 

(35.6) hypothesis generating module 1428 for generating additional toation hypotteses according to, for example, MS toation information 
not adequately utilized or modeled. Note, loatton hypotheses may also be decomposed here if. for example it is determined that a 
toation hypothesis includes an MS area estimate that has subareas with radically differem charaaeristics such as an MS area enimate 
that tocludes an uninhabited area and a densely populated area. Addhtonally, the hypothesh generating module 1428 may generate 
"poor receptton" toation hypotheses that specify MS toation areas of known poor rcccptbn tiiat are "near" or interact currently 
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aow kKatk)nlvpotl««. Note. that poor re^^ 

fOMJDvah,e,rspecifc,3gfcM)„dHt,.g^teofs«b«amially3nyo 

apoor«,ptbnara.,ochan area wiHoBinainaanrriencevalueof "unknown- 0 
ex»ptiontothbcDnn«m«locationhxpo.he««pnentrff™mn»bifeba^ 
or expert system rate base. 

lnttebbdd>.anljystBmen,t«li™mofttetealion^ 
adiunmentsareperforn^donloationhirpothe^andlywhkhaddftionallot^^ 
J)f«em an be dexrited aj a particular da^s of software tto typkally in^^^ 

(36.1) a data base ailed the "bladtoanl." wl»« «ored information bconuno.^ a«tilable to a tolleaion of programnrntg 

elements known as -daenwns". wherein, in the present inveittbn, the Nackboarrf nKludes infomatbn concerning the 
current statusof the kxation hypotheses being evahiated to determine a "most likely- MS tattoo estimate. Note that 
thh data base U provoled by the ran tine location hypothesis storage area Ml 0; 
(36J) one or more active (and typical^ opportunistic) knowledge soort^s. denoted conventbnally as "daemons." that create 
and modily the contents of the bhckhoanl. The blackhoari system employed requires only that the daemons have 
applicatton knowledge specific to the M$ tatbn problem addressed by the presem inventton. As shown in Fig. 7. the 
knowledge souttes or daemons in the hypothesb analyzer indude theana^ical reasoner module m, the hypothesis 
generating module I42B. and the historical loatton reasoner module MI6; 
(3« J) a a.m.01 module that enables the realiiatk,n of the beha«or in a serial computing enviremnem. The comn,! element 
orchestrates the flow of control between the various daemons. This comml modole is pmvided by the contrel module 
MOO. 

Not. that this blackboan) system may be commercial, howeventheknowfedgesource^b^daemo^^ 
the presem mventbn. for funher information regarding such bbckboani systems, the foltowing references are i»coTx,rated herein by 
reference:(a)Jaga«nathan.V,OodhBwala.lL.&Baum.LS. (1989). Blackboanl architectures and applicatiom. Boston. HA: Harcoon Brace 
JovanovichPublishe„:(b)Engeimore.lUSN«,gan.T. (1988). Bhckboatd systems. Read-mfcMA: Addison.WesleyPubr„hinga.mp»,y. 

Altenatively.,tecont„,lmoddel400andtherun-rimek«tionhypo.he,isst^^ 
orasafuay mbinferendng system, wherein the comral module Inactivates or "fires" rules related to the knowledge domain (in the 
presem case, rules rehtingtotheaccuracy of MJbcationlypothesb.stimates),andwherei«rt^ 

for«ample. constraims and heuristics related to the accuracy of MS tation estimates. Thus, the control module MOO for the present 
embodiment is also used forotchestnting. coordinating airi controing the activity of the Individual rale basesof the tootion hypodiesis 
analyser (..g. as shown in fig. 7. the analytical reasoner module 1416. the bypothe«s generating module 1428 . the historical bcation reasoner 
module 1424. and the bcatione,trapolatornKKluH432).rorfurtherinfon,ationreganlin8s„chex^^ 
.ncorporatedhereinby reference: Waterman.D.A. (1970). A guide u>expea systems. Reading.«A: Addison-«fesley Publishing Company 



90 



wo 98/10307 

PCT/US97/15892 

MS Stetuj Repositoiy Embodiment 

The MS statui repositoor 1338 « a nin-time storage manager for storing loation liypotheses Iron, previous aaivations of the 
location engine 139 (as well as the output target MS loation estimate(s)) so that a target MS may be tracked using target MS 
location hypotheses from previous location engine 139 aaivations to determine, for example, a movement of the target MS between 
evaluations of the target MS loation. Thus, by ,eK.ining a moving window of previous location hypotheses used in evaluating 
positions of a target MS. measuremenu of the target MS's velocity, acceleration, and likely next position may be determined by the 
location hypothesis analy«r 1332. further, by providing accessibility to recent MS location hypotheses, these hypotheses may be used 
to resolve conflicts between hypotheses in a current activation for loating the target MS; e.g.. MS paths may be stored here for use in 
extrapolating a new location 



Most Likelihood Estimator Embodiment 



The most likelihood estimator 1344 is a module for determining a "most likely" loatbn estimate for a urget MS 140 being tocated 
(e.g,as in (30.7) above). In one embodiment, the most likelihood estimator performs an integntbn or summi.^ of all location hypothesis 
a,nfidence values for anygeog,aphk^gton(s)of interest havingatleastonekKation hypothesis 
esnmator. and wherein the toatbn hypothesis has a relatively (or sufnciemly) high confid^^ 

determrnes the a,ea(s) within each such region having high confidences (or confidences above a threshold) as the most likely target MS 140 



focatton estimates. 



I» one embodiment of the most likelihood estunator 1344. thb module uti&esan area mesh. «. over which to integrate, wherein d« 
n«sh celbofMare preferably smallerthanthegreatestloationaccuncy desired. Tha,is.ead,cell.c.^ 
indicating a Whood that the tao-et MS 140 b toated in c. wherein the confidence value fore is de»^^^^^ 

target MS location estin^tesprnvided to the mo„literd»odestimatorl344. Thus, to ob.^ 

following steps are performed: 

(a) for each of the active locatbn hypotheses output by. e^-, Uk hypothesis analyzer 1332 (altemat^e^. the context adjimer 

1326). each corresponding MS location area estimate. UE. is pn»ided with a smallest covering. Q«. cf cells c from M. 

(b) $ubsequently.eachofthecelUofC^,hayetheirconfidencevaluesadiustedbyaddingtoittheffl^^^ 

Accordingly,iftheconridenceoflEAhpoiitive.thenthecelbofCu,havetheirconfidencesincre^ 
confidence of LEA is negative, then the cells of have their confidences dKieased. 

(c) Given that the interval [-1.0. + 1.0] represents the range in confidence vatoes. and that this range has been partitioned imo 

intervals. Int. havmg lengths of.e^, 0.05. for each interval. Int. perform a duster analysis funaton for clustering cells with 
confidences that ate in Int Thus, a topographical-iype map may be constructed from the resulting cell clusters, wherein 
higher conMence areas are anatogous to representations of areas having higher elevatkms. 

(d) Outputa representation of the resulting chmen for each Int to the output gateway l35<fordetera,ining the location 

gtanubrity and lepreseniation desired by each tocation application m iHjuesting the location of the target MS 140. 
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Of course, variatbns in the above algorithm also wthin the scope of the present mvembn. For example, some embodiments of the 
most likelihood estimator 1344 may: 

(e) Perform special processing for areas designated as "poor recEption" areas. For example, the most likelihood estimator 1344 may 

be able to impose a confidence value of lero meaning it is unknown as to whether the target MS is in the area) on each 
such poor reception area fegardless of the bcatbn estimate confidence values unless there is a location h/pothesis from a 
refable and unanticipated source. That is. the mesh cells of a poor reception area may have their confidences set to zero 
unless, e^.. there b a kication hypothesis derived from target HS bcation data provided by a mobile base station 1 48 that: 
(a) is near the poor reception area, (b) able to detea that the target HS 140 is in the poor reception ar^ and (c) can relay 
target MS bcation data to the bcation center 142. In such a case, the confidence of the target MS bcatbn estimate from the 
MBS bcatbn hypothesis may take precedence. 

(f) Additionally, in some embodiments of the most likelihood estimator 1 344, alls c of M that are "near" or adjacent to a covering 

may also have their confriences adjusted according to how near the cells c are to the covering. That is, the assigning of 
confidences to cell meshes may be "fuzzificd" in the terms of fuzzy logic so that the confidence value of each bcatbn 
hypothesis utilized by the most tikelihood estimator 1344 is provided with a weighting faaor depending on its proxity to the 
target MS locatbn estimate of the bcatbn hypothesis. More precisely, it is believed that "nearness," in the present context, 
should be monotonic with the "Videness** of the covering; as the extent of the covering increases (decreases) in a 
particufar direction, the cells c affected beyond the covering also increases (decreases), furthermore, in some embodiments of 
the most likelihood estimator 1344. the greater (lesser) the confidence hi the LEA. the more (fewer) cells c beyond the covering 
have their confidences affected. To describe this technique in further detail, reference is made to frg. 1 0, wherein an area A is 
assumed to be a covering having a confidence denoted "conf*. Accordingly, to determine a confidence adjustment to add 
to a cell c not in A (and additbnally. the centrokl of A not being substantially identical with the centroid of c which couW occur 
if A were donut shaped), the folbwing steps may be performed: 

(i) Determine the antroid of A. denoted Cent(A). 

(ii) Determine the centroid of the cell c denoted Q. 

(m) Determine the extent of A abi^ the fine between Cem(A) and Q, denoted L 

(iv) For a given type of probability density function, F(x). such as a Gaussian function, let T be the beginning 
portion of the functbn that lives on the x-axis interval [0, t]. wherein P(t) = ABS(conf) = the absolute 
value of the confidence of C^. 

(v) Stretch T along the x-axh so that the stretched funabn, denoted $T(x). has an x-axi$ support of [0, 1/(1 +e' 
W«s(aro- 'iJjj^^i^jg J jgjjgg 3 q iqjj. ^ ^ ^ 5 q jj^jg jj^^^j jj,^ f uoabn, 

P(x* (I +e'*'**°^°^*''*^)A)» on this stretched extent. Further note thai for confidences of +! 
and - 1 . the support of sT(x) is [0, L) and for confidences at (or near) zero this support. Further, the term. 

iy(|+et**^«^'») 
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b nranotonicall/ increasing with L and A6S(conf)> 

(vi) Determine D = the minimum dtJtancc that Q is ouuide of A along the line between Cent(A) and Q. 

(vii) Determine the absolute value of the change in the confidence of c as sT(D). 

(viii) Prwide tire value sT(D) with the same sign as conf, and provide the potentially sign changed value $T{D) as 
the conffdence oftl^cellc 

Additionally, in some embodiments, the most Hkelihood estimator 1344, upon receiving one or more toation hypotheses imm the 
hypothesis analyzer 1 332, also performs some or all of the following tasks: 

(37.1 ) Filters out location hypotheses having confidence values near zero whenever such location hypotheses are deemed too 

um^iiabie to be utifized in determining a target MS loation estimate. Forexampie. locatbn hypotheses having confidence 

values in the range [-0X2, 0.02] may be filtered here; 
(37 J) Determines the area of interest over which to perform the integration. In one embodiment, this area is a convex hull 

including each of the MS area estimates from the received location hypotheses (wherein such location hypotheses have not 

been removed from consideration by the filtering process of (37.1)); 
(373) Determines, once the integration is perfomwd, one or more collections of contiguous area mesh cells that may be deemed a 

"most fikely" MS location estimate, wherein each such collection includes one or more area mesh cells havinga high 

confidence value. 

Detailed Description of the Location Hypothesis Analyzer Submodules 

. . .Analytical Reasoner Module 

The analytical reasoner applies constraim or "sanity^ checks to the target 
Location Hypothesis Storage Area for adjusting the assodated conf^^^ 

"path" information. That is. this module determines if (or how well) location hypotheses are consistent with well km)wn physical connraints 
such as the lawsof physics, in an area in which the MS (associated with the location 

difference between a previous (most likely) tocation estimate of a target MS and an estimate by a current toation hypothesis rcq uires the MS 
to: 

(a) move at an unreasonably high rate of speed (e,g, 200 mph). or 

(b) move at an unreasonably high rate of speed for an area (e.g. 80 mph in a com patch), or 

(c) make unreasonably sharp velocity changes (e.g, from 60 mph in one direction to 60 mph in the opposite direaion in 4 sec), 
then the confKiena in theoirrent hypothesis is reduced. Such path informatmn may be derived for each time ser«s of tocation hy^^^^^ 
resuhing from the FOHs by maimaining a window of previous locatton hypotheses in the MS status repository 1338. Moreover, by additionally 
retaining the "most likely^ target MS location estimates (output by the most likeHhood estimator 1344), currem tocation hypotheses may be 
compared against such most likely MS toation esthnates. 
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The following path sanity cheda arc tiicorporated into the computations of thij modute. That b: 

(1) do the predktfid MS paths generally follow a known transportation pathway (e^^ in the case of a calculated speed of greater 
than 50 miles per hour are the target MS location estimates within, for example. 2 miles of a pathway where such speed may be 
sustained); if so (not), then increase (decrease) the confrience of the loation hypotheses not satisfying thb criterion; 

(2) arc the speeds, vetocities and aaelerations, determined from tte current and past taiget MS location estimates, reasonable for 
the regbn (e^, speeds should be less than 60 miles per hour in a dense urban area at 9 am); if so (not), then increase 
(decease) the conftdenoe of those that are (un)reasonable; 

(3) are the locauons. speeds, velodties andybr accelerations similar between target MS trades produced by different f OMs sirailan 
decrease the confidence of the currently acthre location hypotheses that are indicated as **outlien" by this criterion; 

(4) arc the currently active locatbn hypothesis target MS estimates consistent with prevwus predictions of where tiie target MS is 
predicted to be from a previous (most likely) taiget MS estimate; if not, tiie n decrease ti»e confidence of at least those location 
hypothesis estimates tiiat are substantially different from the corresponding predictions. Hote. however, that in some cases this 
may be over ruled. For example, if the prediction is for an area for whidi there is Loation Base Station coverage, and no 
Location Base Station covering tte area subsequently reports communicating with the target MS, then the prediaions are 
incorrea and any current location hypothesis from the same f OM should not be decreased here if it is outside of this Location 
Base Station coverage area. 



Notice from Fig. 7 that the analytical reasoner can access location hypotiieses currently posted on the Run-tke Location Hypothesis 
Storage Area. Additionally, it interacts with the Patiiway Database which contains information concerning the loatbn of natural 

20 transportation pathways in the region (highways, rivers, etc) and the Area Characteristia Database whidi contains informatbn concerning, for 
example, reasonable velocities that can be expeaed in varbus regbns (for instance, speeds of BO mph would not be reasonably expected in 
dense urban areas). Note that both speed and direabn can be important constraints; e.g.. even though a speed might be appropriate foran 
area, such as 20 mph in a dense urban area, if the direction indicated by a time series of related locatbn hypotheses is directly through an 
extensive building complex having no tiirough traffic routes, then a reduction in the confidence of one or more of the location hypotheses may 

25 be appropriate. 

One embodiment of tiie Analytical Keasoner illustrating how such constramts may be implemented b provided in the following sectioa 
Note, hovrever, that tiiis embodiment analyzes only location hypotiieses haviiig a non-negative confidence value. 
Modules of an embodiment of the analytical reasoner module 1416 are provided hereinbelow. 

Path Comparison Module 

30 The patii comparison module 1454 implements tiie following strategy: the confidence of a particular location hypotitesis is be increased 

(decreased) if it is (not) predicting a path that lies atong a known transponatbn patiiway (and the speed of the target MS is sufficiently high). 
For instance, if a time series of ta^t MS loation hypotheses for a given FOM is predicting a path of tiic target MS that lies along an interstate 
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highway, the confidence of the currently active location hjrpothejis for this FOM should, in general be inoHased. Thus, at a high level the 
following steps may be performed: 

(a) For each f OM having a cunemly active location hypothesis in the Run-time Location Hypothesis Storage Area (also denoted 

"blackboard*'), determine a recent "path" obtained from a time series of location hypotheses for the FOM. This computation for the 
"path" is performed by stringing together successive "center of area" (COA) or cemroid values determined imm the most pertinent 
target MS location estimate in each location hypothesis (recall that each location hypothesis may have a plurality of target MS area 
estimates with one king the most pertinem). The information is stored in. for 

of the matrix klemifies the FOM and the a second dimension of the matrix represenu a series of COA path values. Of course, some 
entries rn the matrix may be undefined. 

(b) Compare each path obtained in (a) against known transportation pathways in an area containing the path. A value. path_match(i). 
representing to what extent the path matches any known transportation patiiway is computed- Such values are used later h a 
computation for adjusting the confidence of each corresponding currently aaive foation hypothesis. 

Velocity/Acceleration Calculation Module 

The velocity/acceleration calculation module 1458 computes vetocity and/or acceleration estimates for the la^et MS MO using currently 
active loation hypotheses and previous tocation hypothesis estimates of tiie target MS. In one embodiment, for each fOM 1 224 having a 
currently active locatbn hypothesis (with positive confidences) and a sufficient number of prevbus (reasonably recent) target MS location 
hyrpotheses. a velocity and/or acceleration may be calculated. In an alternative embodiment, such a velocity and/or acceleration may be 
cakutated using the currently active loation hypotheses and one or more recent "most likely** tocations of the target MS output by the kKation 
engine 139. If the estimated vetocity and/br acceleration corresponding to a currently aaive loation hypothesis is reasonable for the region, 
then its confidence value may be incremented; if not, then its confidence may be decremented. The algorithm may be summarized as foltews: 
(a) Approximate speed and/or acceleration estimates for currently aaive target MS location hypotheses may be provided using path 
information related to the curremly aaive location hypotheses and previous target MS tocation estimates in a manner similar to the 
description of the path comparison module 1454. Accordingly, a single confidence adjustment value may be determined for each 
curiendy aaive location hypothesis for indicating the extent to which hs anesponding velocity and/or acceleration cafculations are 
reasonable for its partiaiJar target MS location estimate. This afoibtbn is performed by retrieving information from the area 
charaaeristia data base 1450 (e.g, F^s. 6 and 7). Since each location hypothesis includes timestamp data indicating when the MS 
kication signals were received from the target MS, the vetocity and/or acceleration associated with a path for a currently aaive 
location hypothesis can be straightforwardly approximated. Accordingly, a confidence adjustmem value. vel_ok{i). indicating a 
fikelihood that the velocity calculated for the i* currently aaive location hypothesis (having adequate corresponding path 
information) may be appropriate is calculated using for the environmental charaaeristia of the location hypothesis* target MS 
loation estimate. For example, the area charaaeristia data base 1450 may include expeoed maximum velocities and/or 
accelerations for each area type and/or cell of a cell mesh of the coverage area 120, Thus, vefocities and/or accelerations above such 
maximum values may be indicative of anomalies in the MS location estimating process. Accordhigly, in one embodiment, the most 
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reom botion hypotheses )rieUing siidi enieme velocities and/or aoeieiatioio may have thelrainftfence values deoeased. for 
example, H the taipt MS bation estimate inckides a ponionol an imeniate h^, then an appnipriaie velocity might 
correspond toaspeedof up to 100 miles per hour, whereas If the ajet MS location estimate incMesonly ruraldin n»dsa<Kl 
tomato patches, then a fikely speed might be no more than 30 miles per bourwith an maximum speed of 60 miles per hour 
(assuming favorable envirenmentalchancteristits such as weather). Note thatalist of suchenvimnne^^ 
inchidesuchlactonas: area type, timeofday.season. further note that moieunpm^^ 
traffic Ibw patterns, weather (e.g, dear, nining. snowint etc) may also be inchri^^ 

from the environmental data base I3S4 which receives and maintains information on such unp^dictaUe charaaeristb (e^, figs. 6 
and7). Atonotetlu.tasimihrco«rxlenceadjustmemvalue,acc_ok(0.maybepmvidedlorcur™ntlyaaive 
wherein the confidence adjustmewurehted to the appn)priateness of the acD*rationestimate 



Attribute Comparison Kodule 

The attribute comparison module 1462 compares attribute values lor location hypodKies generated Imm dHfetent fOMs, and detemiines 
if the confidence of certain of the currently active location hypotheses should be mci«s«) due to a simibriiy in related values for the attribute. 
That is, for an attribute A.an attribme value for A derived from a set S„,Hn, of on. or more loation hypoth^^ 
b Mmpared with ara,th.r anribute vahie lor A derived from a set W of one or more location hypotheses generated by a dHferent f ON. 
FOMP] for determining if these attribute values cluster (i^ are sufficiemly dose to one another) so that a currently active location hypothesis 
in Vjandacurrently active location hypothesis in should have their 

"target H$ path data" attribute, wherein a vatae forthe attribute ban estimated target MS pathderived fr,m taction hypotheses generated 
by a r»ed f OH over some (recent) time period. Ahematively. the attribute might be, for example, one of a vebdty and/or acceferafon. 

whereinavalueforthcattributebavelodty and/or accelerationderiv«i from location hy^^^ 
(rtcem) time period. 

Inageneralcoiitext, the attribute comparison module 1462 operatesacconling to the foltowing premise: 
(38.1) for each of two or more currently active bcation hypotheses (with. e.g, positive confdences) if: 

(a) eadi of these currently active location hypotheses. H. was inhially generated by a correspondir^ dlerent FOMrf 

(b) foragiven MS eitimateattributeandeadisKhoirrently active location hypothesb,H.tf^^ 

attribute (e.g,the attribute value might bean MS patii estimate, or ahemativeV an MS estimated velocity, or an MS estimated 
acceleration), wherein the attribute value b derived without usmg a POM differem from f OH,, and; 

(c) the derived atuibute values duster sufficiently weO. 

theneadi of ti»se currently active location hypotheses. H. win have their comspondingconfidencesi 
Increased by a conlidence adjustmem value or delta. 

Note that the phrase "duster suffKlemly well" above may have a number of tedmial embodiments. Induding performing various duster 
analpu ledtniques wherem any dusters (according to some stathtic) must satisfy a system set threshold forthe members of the cluster being 
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dose enough to one another. Further, upon determining the (any) batbn hypotheses satisfying (38.1), there are various techniques that may 
be used in determining a change or delta in confidences to be applied. For example, in one embodiment, an initial default confidence delta that 
may be utilized is: if "cT denotes the confidence of such a cunently active location hypothesis satisfying (38.1), then an increased confidence 
that still remains in the interval [0, 1,0] may be: cf + [(I - cf)/(l + cf )]\ or. cf ♦ [LO + cf "J, n = > 2, or, cf * [a consiam having a 
system tuned parameter as a factor). That is, the confidence deltas forthese examples are: [(I -cf)/( I +cf)]^ (an additive delta), and, (1.0 
+ cf "] (a multiplicative delta), and a constant Additionally, note that it is within the scope of the present invention to also provide such 
confidence deltas (additive deltas or multiplicative deltas) with faaors related to the number of such location hypotheses in the cluster. 

Moreover, note that it is an aspect of the present invention to provide an adaptive mechanism fu, the adaptation engine 1 382 shown in 
Figs. 5, 6 and 8) for automatially determining performance enhancing changes in confidence adjustment values such as the confidence deltas 
for the presem module. That is, such changes are determined by applying an adaptive mechanbm, such as a genetic algorithm, to a colleaion 
of "system parameters" (including parameten specifying confidence adjustment values as well as system parameters of, for example, the 
context adjuster 1326) in order to enhance performance of the present invention. More particufarfy, such an adaptive mechanism may 
repeatedly perform the following steps: 

(a) modify sucJi system parameters; 

(b) consequently aaivate an instantiation of the location engine 139 (having the modified system parameters) to process, as input, a 
series of MS signal location data that has been archived together with data corresponding to a veriffed MS location from which signal 
location data was transmitted (e^g., such data as is stored in the bcation signature data base 1320); and 

(c) then determine if the modifications to the system parameters enhanced loation engine 139 performance in companion to previous 
performances. 

Assuming this module adjusts confidences of currently active location hypotheses according to one or more of the attribute!- target MS 
path data, target MS velocity, and tariget MS acceleration, the computation for this module may be summarized in the following steps: 

(a) Determine if any of the currently active location hypotheses satisfy the premise (38.1) for the attribute. Note that in making this 

determinatbn. average distances and average standard deviations for the paths (velocities and/or accelerations) corresponding to 
currently artive location hypotheses may be computed- 

(b) For each currently aaive location hypothesis (wherein "i" uniquely identifies the locatbn hypothesis) seleaed to have its confidence 

increased, a confidence adjustmem value, path_similar(i) (alternatively, velocity_similar(i) and/or acce!eratk)n_$imilar(i) ), is 
computed indicating the extent to which the attribute value matches another attribute value being predicted by another FOM. 
Note that such confidence adjustment values are used later in the calculation of an aggregate confidence adjustment to particular 
currently active location hypotheses. 

Analytical Reasoner Controller 

Given one or more currently active loation hypotheses for the same target MS input to the analytical reasoner controller M66. this comroller 
activates, for each such input location hypothesis, the other submodules of the analytical reasoner module 1416 (denoted hereinafter as 
"adjustment submodules") with this location hypothesis. Subsequently, the analytical reasoner controller 1466 receives an output confidence 
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adjustmentvaluecomputedbyead, adjustment sufa^ Note each adjustment 

submodule determines: 

(a) wttether the adjustment submodule may appropriately tompme a confidence adjustment vahie for the loauon hypothesis 
supp&d by the controller. (Fw example, in some cases there may not be a sufficient number of tocatbn hypotheses in a time 
series from a faedfOM); 

(b) if appropriate, then the adjustment submodule computes a non-zero confidence adjustment valw that is returned to the 
analyttcal reasonercontrolter. 

Subsequentiy.the controller uses the outputfrom the adjusmiems^^^^ 
corrEsponding location hypothesis. In one particular embodimem of the preseminvembn, values for the ei^^ 
vahies (described in sections above) are output to the pr^iem co^^^^ 
adjustmg the confidence of the Din^mV active bation hypotfe^ 
example of how such confidence adjustment vahies may be utifize^^ 
outputs from the above described adjustmem submodules may be more fully described as: 

path_matdi(i) I if there are sufficient previous (and recem) (ocatbn hypotheses for the same target MS as "i" that 

have been generated by the same f 0« that generated "i". and, the target MS location estimates 
provided by the location hypothesis T and the previous loation hypotheses follow a knovm 
transportation pathway. 
0 otherwise. 

^-^•^^ * if the velocity calculated forthe i'\unem(y aarve location hypothesis (assuming adequate 

correspomJing path information) is typial forthe area (and the current environmental 
characteristics) of this location hypothesis* target MS loation estimate; 
0 J if the velocity calculated for the i"" cuntmly active location hypothesis is near a maximum for the 
area (and the current environmental characteristics) of this location hypothesis' target MS location 
estimate;. 

0 if the velocity calculated is above the maximum. 

' accekratMn calculated for the i* curreraly aaive baoon hypothesis (assuming adequate 
CDnesponding path information) is typical forthe area (and the currem environmemal 
characteristics) of this location hypotlttsis' target MS loation estimate; 

02 if the acceleration atcubted forthe i*curremly active locatbn hypothesis is near a maximum forthe 
area (and the currem environmental characteristics) of this bation hypothesis' target MS toation 
estimate;. 

0 if the acceleration alailated is above the maximum. 
simiiarjiath(i) I H the toation hypothesis "i" satisfies (38.1) for the target MS path data attribute; 0 otherwise. 

vetoctty_$imifar(i) I if the loation hypothesis T satisfies (38.1) for the target MS vebdty attribme; 0 otherwise. 
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aaBleration_similar{i) I if the location hypothesis T satisfies (38.1) for the target MS acceferation attribute; 0 otherwise. 
CKtrapolaiion_chk(i) I if the loatton hypothesis 1" is "near" a previously predicted MS bcatton for the target MS; 0 

otherwise. 

Additionaliy, for each of the above confidence adjustments, there is a corresponding location engine 139 system setable parameter whose 
value may be determined by repeated activatbn of the adaptation engine 1382. Accordingly, for each of the confidence adjustment types, T, 
above, there is a corresponding system setable parameter. "alpha_r. that b tunable by the adaptation engine 1382. Accordingly, the 
following high level program segment illustrates tlie aggregate confidence adjustment value computed by the Analytical Reasoner Controller. 

taTget_MS_Ix_hyps < - get all currently active location hypotheses, H . identifying the present target ; 

for each currently active location hypothesis, hyp(i), from target_MS_loc_hyps do 

{ 

for each of the confidence adjustmem submodules, CA, do 

activate CA with hyp{i) as input; 
/* now compute the aggregate confidence adjustmem using the output from the confidence adjustment submodules. * / 
aggregate_adju$tment(i) < — alpha_path_match ♦ path_matchfi) 
+ alpha_velodty * vel_ok(i) 
+ alphajBth_similar * path_similar(i) 
+ alpha_vetocity_$imilar * velocity_similar(i) 
+ aIpha__acccleration_similar* acc€leratiDn_$imilar(i) 
+ alphaextrapolauon * extrapolation_chk(i); 
hyp(i).confidence hyp((),confidefKe + aggregate_adjustment(i); 

} 



Historical Location Reasoner 

The historical (oration reasoner module 1424 may be, for example, a daemon or expert system rule base. The module adjuos the 
confidences of currently aaive location hypotheses by using (from location signature data base 1320) historical signal data correlated 
with: (a) verified MS locations (e.g. locations verified when emergency per$onr»el co-locate with a target MS location), and (b) various 
environmental faaors to evaluate how consistent the location signature cluster (or an input location hypothesis agrees with such 
historical signal data. 

This reasoner will increase/decrease the confidence of a currently actrve location hypothesis depending on how well iu associated 
loc sigs correlate with the loc sigs obtained from data in the location signature data base. 
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Now that the embodiment hereintelow is but one of many embodiments that may adjust the confidence of cunently aaive 
location hypotheses appropriatety. Accordingly, it is important to note other embodiments of the historical location reasoner 
funaionality are witfiin the scope of the present invention as one skilled in the art will appreciate upon examining the techniques 
utilized within this speciHcation. For example, calculations of a confidence adjustmem factor may be determined using Monte Cario 
techniques as in the context adjuster 1326. Each such embodiment generates a measuremem of at least one of the similarity and the 
discrepancy between the signal characteristics of the verified location signature dusters in the location signature data base and the 
location signature duster for an input currently aaive location hypothesis, "loc hyp**. 

The embodiment hereinbetew provides one example of the funaionality that can be provided by the historical location reasoner 
1424 (either by aaivating the following programs as a daemon or by transforming various program segments into the a)nsequeno of 
expert system rules). The present embodiment generates sudi a confidence adjustment by the following steps: 

(a) comparing, for each cell in a mesh covering of the most relevant MS location estimate in "loc_hyp^ the location signature 
duster of the "loc_hyp" with the verified location signature clusters in the cell so that the following are computed: (i) a 
diKrepancy or error measurement is determined, and (ii) a corresponding measuremem indicating a likelihood or 
confidence of the discrepancy measurement being relatively accurate in comparison to other such error measurements; 

(b) computing an aggregate measurement of both the errors and the confidences determined in (a); and 

(c) using the computed aggregate measurement of (b) to adjust the confidence of *'loc_hyp". 

The program illustrated in APPENDIX E provides a more detailed embodiment of the steps immediately above. 



Location Extrapolator 

The tocation extrapolator 1432 works on the following premise: if for a curremly aaive location hypothesis there is suffictem previous related 
information regarding estimates of the target MS {e.g, from the same FOM or from using a "most likely" previous target MS estimate outpm by 
the bation engine 139). then an extrapobt'ton nray be perfomied for prediaing future target MS locations that can be compared with new 
batkn hypotheses provided to the bladtboard. Note that interpolation routines (e.g., conventional algorithms such as Ugrange or Newton 
polynomials) may be used to determine an equation that approximates a target MS path corresponding to a curremly aaive location 
hypothesis. 

Subsequently, such an extrapolation equatbn may be used to compute a future target MS locatbn. For further information reganling 
sudi interpolation sdiemes, the following reference is incorporated herein by reference: Mathews. 1992, Nunwrical methods for mathematics, 
sdence. and engineering. Engfewood CDffs, NJ: Prentice HalL 

Accordingly, if a new curremly aaive locatbn hypothesis (eg, supplied by the context adjuster) is received by the blackboard, then the 
target MS location estimate of the new location hypothesis may be compared with the predirted loation. Consequemly. a confidence 
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adjustmentvalue can be determined according to how well if the location hypothesis **r . TIat is. thisconftdencc adjustment value will be 
larger as the new US estimate and the prediaed estimate become closer together. 

Note that in one embodiment of the present invemion, such predictbns are based solely on previous target MS location estimates output 
by loation engine B9. Thus, in such an embodiment, substamialiy every curremly active location hypothesis can be provided with a 
confidence adjustment value by this njodule once a sufftcient number of previous target MS location estimates have been output Accordingly. ; 
value. extrapo(ation_chk(i). that represents how accurately the new currently active bation hypothesis (idemified here by "i") matches the 
predicted location b determined. 

Hypothesis Generating Module 

The hypotfwsisgeittrating module l42abusedforgener3tirigadditi^ 
information not adequately utilized or modeled. Note, location hypodieses may also be decomposed here if. for example it b determined ttat a 
location hypothesis indudes an MS area estimate that tas subareas with rad-i^^^ 

uninhabited area and a densely populated area. Additionally, the hypothesb generating module M28 may generate "poor reception" location 
hypotheses that specify MS tocatbn areas of known poor reception that are "near^ or intenea currentV active location hypotheses. Note, that 
these poor reception location hypotheses may be specially tagged (e.g., with a dbtinctive FOM_IO value or specr^ tag fieW) so that'regardless 
of substantially any other location hypothesboinndence value ^^^^^ 

value of "unknown" (i-e. zero). Kote that substantially the only exception to this constraint b bcation hypotheses generated frx3m mobile base 
statwns 146. 
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Mobile Base Station Location Subsystem Description 

Mobile Base Station Subsystem Introduction 

Any collection of mobile electronics (denoted mobile location unit) that is able to both estimate a location of a target MS MO 
and communicate with the base station network may be utilized by the present invention to more accurately locate the target MS. 
Such mobile location units may provide greater target MS location accuracy by, for example, homing in on the target MS and by 
transmitting additional MS location information to the location center 141 There are a number of embodiments for such a mobile 
location unit contemplated by the present invention. For example, in a minimal version, such the ekaronia of the mobile location 
unit may be little more than an onboard MS 140. a seaored/direaional antenna and a controller for communicating between them. 
Thus, the onboard MS is used to communicate with the location center 142 and possibly the target MS 140, while the antenna 
monitors signals for homing in on the target MS 140. In an enhanced version of the mobile location unit, a GPS receiver may also be 
incorporated so that the location of the mobile location unit may be determined and consequently an estimate of the location of the 
target MS may also be determined. However, such a mobile location unit is unfikely to be able to determine substantially more than a 
dirertion of the target MS MO via the seaored/directional antenna without further base station infrastruaur* cooperation in. for 
example, determining the transmission power level of the target MS or varying this power level. Thus, if the target MS or the mobile 
loation unit leaves the coverage area 120 or resides in a poor communication area, it may be difficult to accurately determine where 
the target MS is located. None-the-less, such mobile location units may be sufficient for many situations, and in faa the present 
invention contemplates their use. However, in ases where direct communication with the target MS is desired without constant 
contaa with the base station infrastructure, the present inventbn includes a mobile location unit that is also a scaled down version of 
a base station 122. Thus, given that such a mobile base station or MBS 148 includes at least an onboard MS 140. a 
seaored/direaionai antenna, a GPS receiver, a scaled down base station 122 and sufficient components (including a controller) for 
integrating the capabilities of these devices, an enhanced autonomous MS mobile location system can be provided that can be 
effertively used in. for example, emergency vehicles, air planes and boats. Accordingly, the description that follows below describes 
an embodiment of an MBS 148 having the above mentioned components and capabilities for use in a vehicle. 

As a consequence of the MBS 148 being mobile, there are fundamental differences in the operation of an MBS in 
comparison to other types of BS's 122 (152). In particular, other types of base stations have fixed locations that are precisely 
determined and known by the location center, whereas a location of an MBS 148 may be known only approximately and thus may 
require repealed and frequent re-estimating. Secondly, other types of base stations have substantially fixed and stable 
communication with the locatbn center (via possibly other BS's in the case of LBSs 152) and therefore although these BS's may be 
more reliable in their in their ability to communicate inlormation related to the location of a target MS with the location center, 
accuracy an be problematic In poor reception areas. Thus, MBS's may be used in areas (such as wilderness areas) where there may 
be no other means for reliably and cost effectively locating a urgct MS 140 (i.e., there may be insufficient fixed location BS's 
coverage in an area). 
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fig. I) provides a high level block diagram architecture of one embodiment of the MBS location subsystem 1508. » 
Accordingly^ an MBS may include components for communicating with the fixed location BS network infrastructure and the loation 
center H2 via an on-board transceiver 1512 that is effectively an MS MO integrated into the location subsystem 1508. Thus» if the 
MBS 148 travels through an area having poor infrastruaure signal coverage, then the MBS may not be able to communicate reliably 
with the location center M2 (e.g., in rural or mountainous areas having reduced wireless telephony coverage). So it is desirable that 
the MBS M8 must be capable of funaioning substantially autonomously from the loation center. In one embodiment, this implies 
that each MBS 148 must be capable of estimating both iu own location as well as the location of a target MS 140. 

Additionally, many commercial wireless telephony technologies require all BS*$ in a network to be very accurately time 
synchronized both for transmitting MS voice communication as well as for other services such as MS location. Accordingly, the MBS 
148 will also require such time synchronization. However, since an MBS 148 may not be in constant communication with the fixed 
location BS network (and indeed may be off-line for substantial periods of time), on-board highly accurate timing device may be 
necessary. In one embodiment, such a device may be a commercially available ribtdium oscillator 1520 as shown in Fig. 1 1 . 

Since the MBS 148 , includes a scaled down version of a BS 122 (denoted 1522 in Fig. 1 1), it is capable of performing most typical 
BS 122 tasks, albeit on a reduced scale. In particular, the base station portion of the MBS 148 can: 

(a) raise/lower its pilot channel signal strength, iyi 

(b) be in a sute of soft hand-off with an MS 140, and/or 

(c) be the primary BS 122 for an MS 140. and consequently be in voice communication with the target MS (via the MBS 
operator telephony interface 1524) if the MS supports voice communication. 

further, the MBS 148 can, if it becomes the primary base station communicating with the MS 140, request the MS to raise/lower its 
(wwer or, more generally, control the communication with the MS (via the base station components 1 522). However, since the MBS 
148 will likely have substantially reduced telephony traffic capacity in comparison to a standard infrastruaure base station 122, note 
that the pilot channel lor the MBS is preferably a nonstandard pilot channel in that it should not be identified as a conventional 
telephony traffic bearing BS 122 by MS's seeking normal telephony communication. Thus, a target MS 140 requesting to be located 
may. depending on its capabilities, either automatically configure itself to scan for certain predetermined MBS pilot channels, or be 
instructed via the fixed location base station network (equivalently BS infrastruaure) to scan for a certain predetermined MBS pitet 
channel. 

Moreover, the MBS 148 has an additional advantage in that it can substantially increase the reliability of communication with a 
target MS 140 in comparison to the base station infrastruaure by being able to move toward or track the target MS 140 even if this 
MS is in (or moves into) a reduced infrastruaure base station network coverage area, furthermore, an MBS 148 may preferably use a 
direaional or sman antenna 1526 to more accurately locate a direaion of signals from a target MS 140. Thus, the sweeping of such a 
smart antenna 1526 (physically or elearcnically) provides direaional information regarding signals received from the target MS 140. 
That is, such direaional information is determined by the signal propagation delay of signals from the target MS 140 to the angular 
seaors of one of more direaional antennas 1526 on-board the MBS 148, 
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Before proceeding to further details of the MBS location subsystem 1508, an example of the operation of an MBS M8 in the 
context of responding to a 911 emergency call is given. In particular, thU example describes the high level computational states 
through which the MBS MB transitions, these states also being illustrated in the state transition diagram of Fig. 12. Note that this 
figure illustrates the primary state transitions between these MBS 148 states, wherein the sofid state transitions are indicative of a 
typical "ideal" progression when locating or tracking a target MS 140, and the dashed state transitions are the primary state 
reversions due, for example, to difficulties in lorating the target MS 140. 

Accordingly, initially the MBS 148 may be in an inactive state 1700, wherein the MBS location subsystem I50B is effeaively 
available for voice or data communicatbn with the fixed location base station network, but the MS MO locating capabilities of the 
MBS are not aaive. from the inactive state 1700 the MBS (e.g.. a police or rescoe vehicle) may enter an aaive state 1704 once an 
MBS operator has logged onto the MBS bcaiion subsystem of the MBS, such logging being for authentiation. verification and 
joumaling of MBS 148 evenu. in the artive state 1704, the MBS may be listed by a 91 1 emergency center and/or the location center 
142 as eligible lor service in responding to a 91 1 rftquest From this state, the MBS 148 may transition to a ready state 1708 signifying 
that the MBS is ready for use in locating and/or intercepting a target MS MO. That is, the MBS 148 may transition to the ready suie 
1708 by performing the following steps: 

(la) Synchroniiing the timing of the location subsystem 1508 with that of the base station network infrastructure. In one 

embodiment, when requesting such time synchronization from the base station infrastrurture, the MBS M8 will be at a 

predetermined or well known location so that the MBS time synchronization may adjust for a known amount of signal 

propagation delay in the synchronization signal, 
(lb) Establishing the location of the MBS 148. In one embodiment, this may be accomplished by, for example, an MBS operator 

identifying the predetermined or well known location at which the MBS 148 is tocated, 
(Ic) Communiating with, for example, the 9 1 1 emergency center via the fixed loation base station infrastniaure to identify 

the MBS 148 as in the ready state. 

Thus, while in the ready state 1708. as the MBS M8 moves, it has its location repeatedly (re)-estlmated via, for example, 
GPS signaU. location center I42S location estimates from the base stations 122 (and 152). and an on-board deadreckoning subsystem 
1527 having an MBS location estimator according to the programs described hereinbelow. However, note that the accuracy of the 
base station time synchronization (via the ribidium oscillator 1520) and the accuracy of the MBS 148 location may need to both be 
periodically recalibrated according to (la) and (lb) above. 

Assuming a 91 1 signal is transmitted by a target MS 140. this signal is transmitted, via the fixed location base station 
infrastructure, to the 91 ! emergency center and the loation center 142, and assuming the MBS 148 is in the ready state 1708, if a 
corresponding 91 1 emergency request is transmitted to the MBS (via the base station infrastruaure) from the 911 emergency center 
or the location center, then the MBS may transition to aseck state 1712 by performing the following steps: 

{2a) Communicating with, for example, the 91 1 emergency response center via the faed kication base sution network to receive 

the PN code for the target MS to be located (wherein this communication is performed using the MS-like transceiver 1512 

and/or the MBS operator telephony interface 1524). 
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(2b) Obtaining a most recent target MS location estimate from either the 91 1 emergency center or the location center M2. 
(2c) Inputting by the MBS operator an acknowledgment of the target MS to be located, and transmitting this acknowledgment 
to the 9 II emergency response center via the transceiver 1512. 

Subsequently, when the MBS 148 is in the seek state 1712, the MBS may commence toward the target MS location estimate 
provided. Note that it is likely that the MBS is not initially in direa signal contart with the target MS, Accordingly, in the seek state 
1712 the following steps may be» for example, performed: 

(3a) The location center 142 or the 91 1 emergency response center may inform the target MS, via the fixed location base station 
network, to lower its threshold for soft hand-off and at least periodically boost its location signal strength. Additionally, 
the target MS may be informed to scan for the pilot channel of the MBS 148. (Note the aaions here are not, actions 
performed by the MBS 148 in the "seek state"; however, these artions are given here for clarity and completeness.) 
(3b) Repeatedly, as sufficient new MS location information is available, the location center 142 provides new MS location 

estimates to the MBS 148 via the fixed location base station network. 
(3c) The MBS repeatedly provides the MBS operator with new target MS location estimates provided substantially by the location 

center via the fixed location base station network. 
{3d) The MBS 148 repeatedly attempts to detea a signal from the target MS using the PN code for the target MS. 
(3e) The MBS 148 repeatedly estimates its own location (as in other states as well), and receives MBS ioation estimates from 
the location center. 

Assuming that the MBS 148 and target MS 140 detea one another (which typically occurs when the two units are within .2S 
to 3 miles of one another), the MBS enters a contact state 1716 when the target MS 140 enters a soft hand-off state with the MBS, 
Accordingly, in the contaa state 1716, the following steps are, for example, performed: 
(4a) The MBS 148 repeatedly estimates its own location, 

(4b) Repeatedly, the location center 142 provides new target MS 140 and MBS location estimates to the MBS 148 via the fixed 

location base infrastruaure network. 
(4c) Since the MBS 148 is at least in soft hand^ff with the target MS 140, the MBS can estimate the dir^aion and distance of 

the target MS itself using, for example, detected target MS signal strength and TOA as well as using any recent location 

center target MS location estimates. 
(4d) The MBS 148 repeatedly provides the MBS operator with new target MS location estimates provided using MS location 

estimates provided by the MBS itself and by the location center via the fixed location base station network. 

When the target MS 140 deteas that the MBS pilot channel is sufficiently strong, the target MS may switch to using the 
MBS 148 as its primary base station. When this occurs, the MBS enters a control sute 1720, wherein the following steps are, for 
example, performed: 
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(5a) The MBS 148 repeatedly estimates its own lootion. 

(5b) Repeatedly, the tocation center 142 provides new target MS and MBS location estimates to the MBS 148 via the network of 
base stations 122 (152). 

(5c) The MBS 148 estimates the direction and distance of the target MS 140 itseH using, for example, deteaed target MS signal 
strength and TOA as well as using any recent loatbn center target MS location estimates. 

(5d) The MBS 146 repeatedly provides the MBS operator with new target MS location estimates provided using MS location 
estimates provided by the MBS itself and by the loation center 142 via the Hxed location base statbn network. 

(5c) The MBS 148 becomes the primary base statbn for the target MS 140 and therefore controlsat least the signal strength 
output by the target MS. 

Note, there can be more than one MBS 146 tracking or locating an MS 140. There can also be more than one target MS 140 to be 
tracked concurrently and each target MS being tracked may be stationary or moving. 

MBS Subsystem Architecture 

An MBS 148 uses MS signal characteristic data for locating the MS 140. The HBS 148 may use such signal charaaeristic data to 
facilitate determining whether a given signal from the MS is a "direa shot" or an multipath signal. That is, in one embodiment, the 
MBS 148 attempts to determine or detea whether an MS signal transmission is received directly, or whether the transmission has been 
reflected or def leaed. for example, the MBS may determine whether the expected signal strength, and TOA agree in distance 
estimates for the MS signal transmissions. Note, other signal chararteristics may also be used, if there are sufficient electronia and 
processing available to the MBS 148; iji.. determining signal phase and/or polarity as other indications of receiving a "direct shot" 
from an MS 140. 

In one embodiment, the MBS 148 (Fig. 1 1) includes an MBS controller 1533 for controlling the location capabilities of the MBS 
148. In particular, the MBS controller 1533 initiates and controls the MBS state changes as described in Fig. 12 above. Additionally, 
the HBS controller 1533 also communicates with the location controller 1535. wherein this latter controller controls HBS aaivities 
related to MBS location and target MS location; e.g.. this performs the program. "mobile__base_$tation_controller" described in 
APPENDIX A hereinbelow. The location controller 1535 receives data input from an event generator 1537 for generating event 
records to be provided to the tocation controller 1535. For example, records may be generated from data input received from: (a) 
the vehicle movement detector 1539 indicating that the MBS 148 has moved at least a predetermined amount and/or has changed 
direction by at least a predetermined angle, or (b) the MBS signal processing subsystem 1541 indicating that the additional signal 
measurement data has been received from either the tocation center 142 or the terget MS 140. Note that the MBS signal processing 
subsystem 1541, in one embodiment, is similarto the signal processing subsystem 1220 of the location center 142. may have multiple 
command Khedulers, In particular, a scheduler 1528 for commands related to communicating with the location center 142. a 
scheduler 1530 for commands related to GPS communication (via GPS receiver 1531). a scheduler 1529 for commands related to the 
frequency and granularity of the reporting of MBS changes in direaion and/or position via the HBS dead reckoning subsystem 1527 
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(note that this scheduler is potentially optional and that such commands may be provided directly to the deadrwkoning estimator 
1544), and a scheduler 1532 for communicating with the target MS(s) MO being located. Further, it is assumed that there is 
sufficient hardware and/or software to appear to perform commands in different schedulers substantially concurrently. 

In order to display an MBS computed location of a target MS 140, a location of the MBS must be known or determined. 
Accordingly, each MBS 148 has a plurality of MBS location estimators (or hereinafter also simply referred to as location estimators) 
for determining the location of the MBS. Each such locatbn estimator computes MBS location information such as MBS location 
estimates, changes to MBS location estimates, or. an MBS location estimator may be an interface for buffering and/or translating a 
previously computed MBS location estimate into an appropriate format. In particular, the MBS location module 1536, which 
determines the location of the MBS. may include the following MBS location estimators 1540 (also denoted baseline location 
estimaton): 

(a) a CPS location estimator 1540a (not individually shown) for computing an MBS location estimate using GPS signals, 

(b) a location center loation estimator 1540b (not individually shown) for buffering and/or translating an MBS estimate 
received from the location center 142, 

(c) an MBS operator location estimator 1540c (not individually shown) for buffering and/or translating manual MBS location 
entries received from an MBS tocation operator, and 

(d) in some MBS embodiments, an LBS location estimator I540d (not individually shown) for the activating and deactivating 
of LBS's 151 Note that, in high multtpath areas and/or stationa7 base station marginal coverage areas, such low cost 
location base stations 152 (LBS) may be provided whose locations are fixed and accurately predetermined and whose 
signals are substantially only receivable within a relatively small range (e.g. 2000 feet), the range potemially being 
variable. Thus, by communicating with the LBS's 152 directly, the MBS 148 may be able to quickly use the location 
information relating to the location base stations for determining its location by using signal charaaeristics obtained 
from theLBS3l52. 

Note that each of the MBS baseline location estimators 1540. such as those above, provide an actual MBS location rather than, for 
example, a change in an MBS location, further note that it is an aspect of the present invemion that additional MBS baseline location 
estimaton 1540 may be easily integrated into the MBS loation subsystem 1508 as such baseline location estimators become 
available, for example, a baseHne location estimator that recedes MBS location estimates from reflertive codes provided, for 
example, on streets or street signs can be straightfoiwardly incorporated into the MBS location subsystem 1508. 

Additionally, note that a plurality of MBS location technologies and their corresponding MBS loation estimators are utilized 
due to the fact that there is curremly no single loation tedinotogy available that is both sufficiently fast, accurate and accessible in 
substantially all terrains to meet the loation needs of an MBS 148. for example, in many terrains GPS technologies may be 
sufHciently accurate: however. GPS technologies: (a) may require a relatively long time to provide an initial loation estimate (e.g.. 
greater than 2 minutes); (b) when GPS communiaiion is disturbed, it may require an equally long time to provide a new loation 
estimate; (c) clouds, buildings and/or mountains an prevent loation estimates from being obtained; (d) in some ases signal 
reflections an substantially skew a loation estimate. As another example, an MBS 148 may be able to use iriangulaiion or 
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trilaterafoaiion technolog«$ to obtain a location estimate; however, this assumes that there is sufficient (faed location) 
inftastruaure BS coverage in the area the MBS is located, further, tt is well known thai the multipath phenomenon can substantially 
distort such location estimates. Thus, for an MBS M8 to be highly effective in varied terrains, an MBS is provided with a plurality of 
location technologies, each supplying an MBS location enimate. 

In fact, much of the architeaure of the location engine 139 could be incorporated into an MBS M8. For example, in some 
embodiments of the MBS 148. the following FOMs 1224 may have similar loation models incorporated into the MBS: 

(a) a variation of the distance FOM 1224 wherein TOA signals from communicating fixed location BS's are received (via 
the MBS transceiver 1512) by the MBS and used for providing a location estimate; 

(b) a variation of the artiHcial neural net based FOMs 1224 (or more generally a location learning or a classification 
model) may be used to provide MBS location estimates via. for example, learned associations between fixed location 
BS signal charaaeristics and geographic locations; 

(c) an LBS location FOM 1224 for providing an MBS with the ability to activate and deaaivate LBS's to provide (positive) 
MBS location estimates as well as negative MBS location regions (le., regions where the MBS is unlikely to be since 
one or more LBS's are not deteaed by the MBS transceiver); 

(d) one or more MBS location reasoning agents and/or a location estimate heuristic agents for resolving MBS location 
estimate conflicu and providing greater MBS location estimate accuracy. For example, modules similar to the 
anatytical reasoner module 1416 and the historical location reasoner module 1424. 

However, for those MBS loation models requiring communication with the base station infrastruaure. an alternative 
embodiment is to rely on the location center 142 to perform the compuutions for at least some of these MBS FOM modeU. That is. 
since each of the MBS location models mentioned immediately above require communication with the network of fwed location BS's 
122 (152). it may be advantageous to transmit MBS location estimating dau to the location center 142 as if the MBS were another MS 
140 for the location center to locate, and thereby rely on the location estimation capabilities at the location center rather than 
dupliate such models in the MBS 148. The advantages of this approach are that 

(a) an MBS is likely to be able to use less expensive processing power and software than that of the location center; 

(b) an MBS is likely to require substantially less memory, particularly for data bases, than that of the locauon center. 
As will be discussed further below, in one embodiment of the MBS 148. there are confidence values assigned to the locations 

output by the various tocation estimators 1S40. Thus, the confidence for a manual ent^ of bcation data by an MBS operator may be 
rated the highest and followed by the conf klence for (any) GPS tecation data, followed by the confidence for (any) location center 
location 142 estimates, followed by the confidence for (any) location estimates using signal characteristic data from LBSs. However, 
such prioritization may vary depending on, for instance, the radio coverage area 120. In an one embodiment of the present 
invention, it is an aspea of the presem imrention that for MBS location data received from the GPS and location center, their 
confidences may vary according to the area in which the MBS 148 resides. That is, if It is known that for a given area, there is a 
reasonable probability that a GPS signal may suffer multipath distortions and that the location center has in the past provided 
reliable location estimates, then the confidences for these two location sources may be reversed. 
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In one embodiment of the present invention, MBS opcraton may be requested to occasionally manually enter the location of the 
MBS 148 when the MBS is stationa^ for determining and/or calibrating the accuracy of various MBS location estiraaton. 

There is an additional Important source of location infonnation for the MBS 148 that is incorporated into an MBS vehicle 
(such as a police vehicle) that has no comparable functionality in the network of fixed location BS's. That is, the MBS M8 may use 
deadreckoning information provided by a deadreckoning MBS location estimator 1544 whereby the MBS may obtain MBS 
deadreckoning location change estimates. Accordingly, the deadreckoning MBS tocation estimator 1544 may use, for example, an on- 
board gyroscope 1550, a wheel rotation measurement device (e.g., odometer) 1554, and optionally an accelerometer (not shown). 
Thus, such a deadreckoning MBS location estimator 1544 periodically prt)vide$ at least MBS distance and directional data related to 
MBS movements from a most recent MBS tocation estimate. More precisely, in the absence of any other new MBS location 
information, the deadreckoning MBS location estimator 1544 outputs a series of measurements, wherein each such measurement is an 
estimated change (or delta) in the position of the MBS 148 between a request input timestamp and a closest time prior to the 
timestamp, wherein a previous deadreckoning terminated. Thus, each deadreckoning location change estimate includes the following 
fields: 

(a) an "earliest timestamp" Held for designating the start time when the deadreckoning location change estimate 
commences measuring a change in the location of the MBS; 

(b) a "latest timestamp" field for designating the end time when the deadreckoning location change estimate stops 
measuring a change in the location of the MBS; and 

(c) an MBS location change vector. 

, That is, the "latest timestamp" is the timestamp input with a request for deadreckoning location data, and the "earliest timestamp" 
is the timestamp of the closest time, T, prior to the latest timestamp, wherein a previous deadreckoning output has its a timestamp 
at a time equal to T. 

Further, the frequency of such measurements provided by the deadreckoning subsystem 1527 may be adaptively provided 
depending on the velocity of the MBS 148 and/or the elapsed time since the most recent MBS location update. Accordingly, the 
architeaure of at least some embodimenu of the MBS location subsystem 1508 must be such that it can utilize such deadreckoning 
information for estimating the location of the MBS 148. 

In one embodimem of the MBS tocation subsystem 1508 described in further detail hereinbetow, the outputs from the 
deadreckoning MBS tocation estimator 1544 are used to synchronize MBS tocation estimates from different MBS baseline locatton 
estimators. That is, since such a deadreckoning output may be requested for substantially any time from the deadreckoning MBS 
tocation estimator, such an output can be requested for substantially the same point in time as the occurrence of the signals from 
which a new MBS baseline location estimate is derived. Accordingly, such a deadreckoning output can be used to update other MBS 
tocation estimates not using the new MBS baseline focatton estimate. 

It is assumed that the enor with dead reckoning increases with deadreckoning distance. Accoidingly, it is an aspea of the 
embodiment of the MBS toatton subsystem 1508 that when incrementally updating the tocatton of the MBS 148 using deadreckoning 
and applying deadreckoning tocation change estimates to a **most likely area" in which the MBS 148 is believed to be, this area is 
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incrementally enlarged as well aj jhifted. The enla^ement of the area is used to account for the inaccuracy in the deadreckoning 
capability. Note, however, that the deadredtoning MBS locatbn estimator is periodically reset so that the error accumulation in its 
outpuu can be decreased. In particular, such resetting occurs when there U a high probabifity that the location of the MBS is known. 
For example, the deadreckoning MBS location estimator may be reset when an MBS operator manually enters an MBS location or 
5 verifies an MBS location, or a computed MBS location has sufficiently high confidence. 

Thus, due to the MBS MB having less accurate location information (both about itself and a target MS MO), and further that 
deadreckoning information must be utifoed in maintaining MBS location estimates, a first embodiment of the MBS location subsystem 
architecture is somewhat different from the locauon engine 139 architeaure. That is, the architecture of this first embodiment is 
simpler than that of the architecture of the location engine 139. Howover. it important to note that, at a high level, the archheaure 

10 of the bcation engine 139 may also be applied for providing a second embodiment of the MBS location subsystem 1 508, as one skilled 
in the art will appreciate after reflecting on the architertures ami processing provided at an MBS U8. For example, an MBS location 
subsystem IS08 architecture may be provided that has one or more first order models 1224 whose output is supplied to. for example, 
a blackboard or expert system for resohring MBS location estimate conflicts, such an architeaure being analogous to one 
embodiment of the location engine 139 architecture. 

15 furthermore, it is also an importent aspect of the present invention that, at a high level, the MBS location subsystem 

architeaure may also be applied as an alternative architeaure for the location engine 139. for example, in one embodiment of the 
location engine 139. each of the fint order models 1224 may provide its MS location hypothesis outputs to a corresponding "location 
track.'* analogous to the MBS location tracks described hercinbetow, and subsequently, a most likely MS current location estimate 
may be developed in a "current location track*" (also described hercinbetow) using the most recent location estimates in other 

20 location tracks. 

Further, note that the ideas and methods disoissed here relating to MBS location estimators 1540 and MBS location tracks, and. 
the related programs hereinbelow are sufficiently general so that these ideas and methods may be applied in a number of contexts 
related to determining the tocation of a device capable of movement and wherein the location of the device must be maintained in 
real time. For example, the present ideas and methods may be used by a robot in a very cluttered environment (e.g.. a warehouse), 
25 wherein the robot has access: (a) to a plurality of "robot location estimators" that may provide the robot with sporadk locatbn 
information, and (b) to a deadreckoning location estimator- 
Each MBS MB, additionally, has a location dbplay (denoted the MBS operator visual user interface 1558 in fig. II) where area 
maps that may be displayed together with location data. In particular, MS bcation data may be displayed on thb display as a nested 
collection of areas, each smaller nested area being the most likely area within (any) encompassing area for locating a target MS 140. 
30 Note that the MBS controller algorithm below may be adapted to receive location center M2 data for displaying the locatbns of other 
MBSs 148 as well as target MSs 140. 

further, the MBS 148 may constrain any bcation estimates to streets on a street map using the MBS bcatbn snap to street 
module 1562. for example, an estimated MBS location not on a street may be "snapped to" a nearest street locatbn. Note that a 
nearest street locatbn determiner may use "normar orientations of vehicles on streets as a constraint on the nearest street location. 
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Particularly, if an MBS 148 » moving at typical rates of speed and acceleration, and without abrupt changes direction, for eumple. 
if the deadreckoning MBS lo»tion estinuitor IS44 indicates that the MBS 148 is moving in a northerly direction, then the strset 
snapped to should be a north-south running street. Moreover, the MBS location snap to street module 1562 may also be used to 
enhance target MS location estimates when, for example, it is known or suspeaed that the target MS 140 is in a vehicle and the 
vehicle is moving at typical rates of speed, furthermore, the snap to street location module 1562 may also be used in enhancing the 
location of a target MS 140 by either the MBS MB or by the locat»n engine 139. In particular, the fetation esthnator 1344 or an 
additional module between the location estimator 1344 and the output gateway 1356 may utilize an embodiment of the snap to street 
location module 1562 to enhance the accuracy of target MS 140 location estimates that are known to be in vehicles. Note that this 
may be especially useful in locating stolen vehicles that have embedded wireless tocatbn transceivers (HSs 140), wherein appropriate 
wireless signal measurements can be provided to the location center 142. 

MBS Data Struaure Remarks 

Assuming the existence of at least some of the tocation estimators 1 540 that were mentioned above, the discuision here refers 
subjuntially to the data struaores and their organization as illustrated in fig. 13. 

The location estimates (or hypotheses) for an MBS 148 determining its own location each have an errt)r or range estimate 
associated with the MBS location estimate. That is, each such MBS location estimate includes a "most likely MBS point location" 
within a "most likely area". The "most likely MBS poim location" is assumed herein to be the centroid of the "most likely area." In 
one embodiment of the HBS location subsystem 1508, a nested series of "most likely areas" may be provided about a most likely 
MBS point location. However, to simplify the discussion herein each MBS location estimate is assumed to have a single "most likely 
area". One skilled in the art will understand how to provide such nested "most likely areas" from the description herein. 
Additionally, it is assumed that such "most likely areas" are not grossfy oblong; i.e.. area cross sectfoning lines through the centroid 
of the area do not have large differences in their lengths, for example, for any such "most likely area". A. no two such cross 
seaioning lines of A may have lengths that va^ by more than a faaor of two. 

Each MBS location estimate also has a confidence associated therewith provkling a measuremem of the perceived accuracy of 
the NBS being in the "most likely area" of the tocation estimate. 

A (MBS) -location track" b an data structure (or object) having a queue of a predetermined length for maintaining a temporal 
(tiraesump) ordering of "location track entries" such as the location track entries 1770a. 1770b. 1774a, 1774b. 1778a. 1778b. 1782a. 
1782b. and 1786a (fig. 13). wherein each such MBS location track entry is an estimate of the loation of the MBS at a particular 
corresponding time. 

There b an MBS tocation track for storing MBS location entries obuined from MBS tocation estimation information from each of 
the MBS baseline tocation estimators described above (i^e, a GPS tocation track 1750 for storing MBS tocation estimations obtained 
from the GPS location estimator 1540. a tocation center tocation track 1754 lor storing HBS location estimations obtained from the 
location estimator 1540 deriving its MBS tocation estimates from the location cemer 142. an LBS location track 1758 for noring MBS 
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location estimations obtained from the toation estimator 1540 deriving iu HBS location estimates from base stations 122 and/or 
152, and a manual location track 1762 for MBS operator entered MBS locations). Additionally, there is one further location track, 
denoted the "current location track" 1766 wlwse location track entries may be derived from the entries in the other location tracks 
(described further hereinbebw). Further, for each location track, there is a location track head that is the head of the queue for the 
location track. The tocation track head is the most recent (and presumably the most accurate) MBS location estimate residing in the 
location track. Thus, for the GPS tocation track 1750 has location track head 1770; the tocatron center tecation track 1754 has 
location track head 1774; the LBS tecation track 1758 has taation track head I77B; the manual location track 1762 has location track 
head 1782; and the current location track 1766 has loation track head 1786. Additionally, for notational convenience, for each 
location track, the time series of previous MBS location estimations (i.e.. location track emries) in the location track will herein be 
denoted the "path for the location track." Such paths are typically the length of the location track queue containing the path. Note 
that the length of each such queue may be determined using at least the following considerations: 

(i) In certain circumstances (described hereinbelow), the location track emries are removed from the head of the 
location track queues so that location adjustments may be made. In such a case, it may be advantageous for the 
length of such queues to be greater than the number of entries that are expected to be removed; 

(ii) In determining an MBS loation estimate, it may be desirable in some embodiments to provide new location 
estimates based on paths associated with previous MBS location estimates provided in the corresponding location 
track queue. 

Also note that it is within the scope of the presem imrention that the location track queue lengths may be a length of one. 
Regarding location track entries, each toation track ent7 includes: 

(a) a "derived location estimate" for the MBS that is derived using at least one of: 

(i) at least a most recent previous output from an MBS baseline loation estimator IS4D (i.e.. the output being an 
MBS location estimate); 

(ii) dead reckoning output information from the deadreckoning subsystem 1527. 

further note that each oirtput from an MBS loation estimator has a "type" field that is used for identifying the MBS 
location estimator of the output 

(b) an "earliest timesump" providing the time/date when the earliest MBS toation information upon which the derived 
toation estimate for the HBS depends. Note this will typially be the timestamp of the eariiest MBS location 
estimate (from an MBS baseline toation estimator) that supplied HBS tocation information used in deriving the 
derived toatton estimate for the MBS 148. 

(c) a "latest timestamp" providing the rime/date when the latest MBS loation information upon which the derived 

toation estimate for the MBS depends. Note that earliest timestamp = latest timestamp only for so ailed 
"baseline entries" as defined hereinbelow. Further note that this attribute is the one used for maintaining the 
'^temporal (timestamp) ordering" of loation track entries. 
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(d) A "deadreckoning dijtance'* indicating the total distance (e.g.. wheel turns or odometer difference) since the most 
recently previous baseline entry for the corresponding MBS location estimator for the location track to which the 
loation track entry is assigned. 

For each MBS location track, there are two categories of MBS location track entries that may be inserted into a MBS location 
track: 

(a) "baseline" entries, wherein each such baseline entry Includes (depending on the location track) a location estimate 
for the HB5 148 derived from: (i) a most recent previous output either from a corresponding MBS baseline location 
estimator, or (ii) from the baseline entries of other location tracks (this latter case being the for the "current" 
location track); 

(b) "extrapolation" entries, wherein each such entry includes an MBS loation estimate that has been extrapolated from 
the (most recent) tocation track head for the location track (i.e., based on the track head whose "latest timcstamp" 
immediately precedes the latest timestarap of the extrapolation entry). Each such extrapolation entry is computed 
by using data from a related deadreckoning tocation change estimate output from the deadreckoning MBS location 
estimator 1544. Each such deadreckoning location change estimate includes measurements related to changes or 
deltas in the location of the MBS 148. More precisely, for each location track, each extrapolation entry is deterrnined 
using: (i) a baseline ent^. and (fi) a set of one or more {i.e., all later oaurring) deadreckoning location change 
estimates in increasing "latest timestamp" order. Note that for notational convenience this set of one or more 
deadreckoning location change estimates will be denoted the "deadreckoning location change estimate set" 
associated with the extrapolation entry resulting from this set. 

(c) Note that for each location track head, it is ehher a baseline ent^ or an extrapolation entry. Further, for each 
extrapolation entry, there is a most recent baseline ent^. B. that is earlier than the extrapolation entry and it is this 
B from which the extrapolation ent^ was extrapolated. This earlier baseline entry, B. is hereinafter denoted the 
••baseline entry associated with the extrapolation entry." More generally, for each location track ent^, T, there is a 
most recent previous baseline entry. B. associated with T, wherein if T is an extrapolation entry, then B is as defined 
above, else if T is a baseline entry itself, then T = B. Accordingly, note that for each extrapolation entry that is the 
head of a loation track, there is a most recent baseline entry associated with the extrapolation entry. 

Further, there are two ategories of kiation tracks: 

(a) "baseline location tracks," each having baseline entries exclusively from a single predetermined MBS baseline 
location estimator; and 

(b) a "current" MBS loation track having entries that are computed or determined as "most likely" MBS loation 
estimates from entries in the other MBS loation tracks. 
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MBS Location Estimating Strategy 

In order to be able to properly compare the track heads to determine the most rikely MBS location estimate it is an aspea of the 
present invention that the track heads of all location tracks include MBS location estimates that are for substantially the same 
(latest) timestarop. However, the MBS location information from each MBS baseline location estimator is inherently substantially 
unpredictable and unsynchroniied. In faa, the only MBS location information that may be considered predicable and controllable is 
the deadreckoning location change estimates from the deadreckoning HBS location estimator 1544 in that these estimates may 
refiably be obtained whenever there is a que7 from the location controller 1535 for the most recent estimate in the change of the 
location for the HBS 148. Consequemly (referring to Fig. 13), synchronization records 1790 (having at least a 1790b portion, and in 
some cases also having a 1790a portion) may be provided for updating each loation track with a new MBS tocation estimate as a new 
track head. In particular, each synchronization record includes a deadreckoning location change estimate to be used in updating all 
but at most one of the location track heads with a new HBS location estimate by using a deadreckoning location change estimate in 
conjunaion with each MBS kication estimate from an MBS baseline location estimator, the location track heads may be synchronized 
accortfing to timesump. More precisely, for each MBS location estimate, E, from an MBS baseline location estimator, the present 
imrention also substantially simultaneously queries the deadreckoning MBS location estimator for a corresponding most recent change 
in the location of the MBS 148. Accordingly. E and the retrieved MBS deadreckoning location change estimate, C, have substantially 
the same "latest timestamp". Thus, the location estimate E may be used to create a new baseline track head for the location track 
having the corresponding type for E, and C may be used to create a corresponding extrapolation ent^ as the head of each of the 
other location tracks. Accordingly, since for each MBS location estimate, E, there is a HBS deadreckoning location change estimate, C, 
having substantially the same "latest timestamp". E and C will be hereinafter referred as "paired." 
20 High level descriptions of an embodiment of the location funaions performed by an MBS MB are provided in APPENDIX A 

hereinbelow. 
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APPENDIX A: MBS Function Embodiments 

Mobile Base Station Controller Program 

niobiie_base_station_controller() 

{ 

waitJorJnpuc_of_fint_MBSJoa(h/^mni); /* "event" is a record (object) with MBS location data ♦/ 
WHILE (ho MBS operator input to exit) DO 

CASE OF (event): /* determine the type of "event" and process it. */ 

MBS LOCATION DATA RECBIVBD FROM GPS: 

MBS LOCATION DATA RECEIVED FROM LBS: 

MBS LOCATION DATA RECEIVED FROM ANY OTHER HIGHLY REUABIM MBS LOCATION 
SOURCES (EXCEPT LOCATION CENTER): 

{ 

MBS_new_est < — get_ fiew_ M$5_ loatm_ using_ est/w3te{mm); 
/* Note, whenever a new MBS location estimate is entered as a baseline estimate into the location tracks, the other 
location tracks must be Immediately updated with any deadreckoning location change estimates so that all 
location tracks are substantially updated at the same time. ♦/ 

deadreck_eit get_de3dre€MngJocamn_ch3nge_estunate(mi\i)\ 

«BS_curr_est DETERMINE_MBS_LOCATI0N_ESTIMATE(MBS_new_est. deadreck_e$t); 
if (HBS_curr_est.confidence > a predetermined high confidence threshold) then 
res€t_ deadreckoning^ tiB5_ locatioB_ €stimatOf(mi[X)\ 

/* deadreckoning starts over from here. */ 

/* Send MBS location information to the Location Center. */ 

if ( MBS has not moved since the last MBS tocaiion estimate of this type and is not now moving) then 
{ 

configure the MBS on-board transceiver (e.g, MBS-MS) to immediately transmit location signals to the fixed 
k)cation BS network as if the MBS were an ordinary location device (MS); 

communiate with the Location Center via the fixed location BS infrastruaure the following: 
(a) a "locate me" signal, 
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(b) HBS__curT_c5t, 

(c) MBS_new_ejt and 

(d) the timeitamp for the present event. 

Additionally, any loaiion signal information between the MBS and the present target MS may be 
5 transmitted to the Loation Center so that this information may also be used by the Loation Center to 

provide better estimates of where the MBS is. Further, if the MBS determines that it is immediately adjacent 
to the target MS and also that its own loatton estimate is highly reliable (e.g^ a GPS estimate), then the 
MBS may also communicate this information to the Location Center so that the location Center can: (a) 
associate any target MS location signature cluster data with the fixed base station infrastruaure with the 
^^^^^^ P"^"**** by the MBS, and (b) insert this associated data into the loation signature data base of the 
Location Center as a verified cluster of "random loc sigs"; 

/* note, this transmission preferably continues (i.e^ repeats) for at least a predetermined length of time of 
sufficient length for the Signal Processing Subsystem to collea a sufficient signal characteristic sample size. 
*/ 

15 } 

else SCHEDULE an event (if none scheduled) to transmit to the location Center the following: (a) MBS_curr_est, and 
(b) the GPS location of the MBS and the time of the GPS location estimate; 

/• Now update MBS display with new MBS location; note. MBS operator must request MBS locations 
on the MBS display; if not requested, then the following call does not do an update. * / 

updateJiBS_opef3tor_dtsplay_ mtA_mS_esi{mSjLurrjtn); 

} 

SINCE LAST MBS LOCATION UPDATE 

MBS HAS MOVED A THRESHOLD DISTANCE: { 

25 deadreck_est < — g€t_ <feadreckoning_ hat'm_ change_ ejr//ra?/'f(event); 

/• Obtain from MBS Dead Reckoning Location Estimator a new dead reckoning MBS location estimate 
having an estimate as to the MBS tocatioo change from the location of the last MBS location 
provided to the MBS. ♦/ 

MBS curr est DETERMINE_MBS_LOCAT!ON_ESnMATE(NULLdeadreck_est); 

/* this new MBS estimate will be used in new target MS estimates*/ 
update^ M8S_ display^ with_ updated^ MBS_ Ai3//b/3(MBS_curr_est): 



SCHEDULE an event (if none scheduled) to request new GPS location data for MBS; 
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SCHEDULE an event (if none scheduled) to request communration with Location Center (LQ related to new MBS 
location data; 

SCHEDULE an event (if none scheduled) to request nev/ LBS location communication between the MBS and any LBS's 
that can detea the MBS; 

/* Note, in some embodiments the processing of MBS location data from LBS's may be performed 
automatically by the Location Center, wherein the Location Center uses signal characteristic data from 
the LBS's in determining an estimated location of the MBS. ♦/ 
SCHEDULE an event (if none scheduled) to obtain new target MS signal characteristics from MS; /* i.e.. may get 
a better target MS location estimate now. */ 

} 

TIMER HAS EXPIRED SINCE LAST RELIABLE TARGET MS LOCATION INFORMATION 
OBTAINED: { 

SCHEDULE an evem (if none scheduled) to request location communication with the target MS, the event is at a very 
high priority; 

RESET timer for target MS location communication; /* Try to get target MS location communication again within a 
predetermirjed time. Note, timer may dynamically determined according to the perceived velocity of the target 
MS.*/ 

} 

LOCATION COMMUNICATION FROM TARGET MS RECEIVED: { 

M^_'^*_5ignal_data < — get_ MS_sign3{_ charaaeristfc_ faw_ fl&/-3(event); 

/• Note, "HS_raw_signal_data'' is an objca having substantially the unfiltered signal chararteristic 
values for communications between the MBS and the target MS as welt as timestamp information. */ 
Construa a message for sending to the Location Center, wherein the message includes at least 

"MS_raw_signal_data" and *'MBS_corr_e$t*' so that the Location Center can also compute an estimated 
location for the target MS; 

SCHEDULE an event (if none scheduled) to request communication with Location Center (LC) for sending the 
construaed message; 

/* Note, this data does not overwrite any previous data waiting to be sent to the LC. ♦/ 

MS_sigral_data < — gBt_ HS_ sigml_ chmaemtic_ ^/j/i3(event); 

/• Note, the MS signal data obtained above is, in one embodiment, "raw" signal data. However, in a 
second embodiment, this data is filtered substantially as in the Location Center by the Signal 
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Processing Subsystem, for simplicity of diKussion here, it is assumed that each MBS includes at least 
a scaled down version of the Signal Processing Subsystem (see FIG. II).*/ 
MS.new est D£TERMINB^M5_M0$T_REC£NT_ESTIMATByil\ tm jlVL, MS curr est. 

MS_signal_data); 

/• Hay use forward and reverse TOA, TDOA. signal power, signal strength, and signal quality 
indicatoa Note, "MS_curr_c$t- includes a timestamp of when the target MS signals were received. 
*/ 

if (H5_new_esuonfidence > min_HS_confKlence ) then 
{ 

/• Note, it is assumed that this MS focation estimate is "temporary" in the sense that it will be 
replaced by a corresponding MS tocation estimate received from the Location Center that is based on 
the same target MS raw signal data. That is, if the Location Center responds with a corresponding 
target MS location estimate, £. while "MS_new_cst*' is a value in a "moving window" of target MS 
location estimates (as described hereinbelow), then E will replace the value of "MS_new_c$t". Note, 
the moving window may dynamically vary in size according to. for example, a perceived velocity of 
the target MS and/or the MBS. */ 
MS_moving_window < -- get_MS_movwg_ window(mTii)\ 

/* get movmg window of location estimates for this target MS. ♦/ 

Bdd_HS_ewmte_(o_HSJoatm_wiiidoi^n%j\zyHj\^^ HS_moving_window); 

/* Since any given single colleaion of measurements related to locating the target MS may be 
potentially misleading, a "moving window" of location estimates are used to lorm a "composite 
tocation estimate" of the target MS. This composite location estimate is based on some number of the 
most recent location estimates determined. Such a composite location estimate may be. for example, 
analogous to a moving average or some other weighting of urget MS location estimates. Thus, for 
example, for each tocation estimate (Le.. at least one MS tocation area, a most likely single location, 
and, a confidence estimate) a cemroid type cakulatton may be performed to provide the composite 
locatton estimate.*/ 

MS_curr_ert <— /?^/K?AttV/^/tf_/^6*/7^?yV_ 

r DETERMINE new target MS tocation estimate. Note this may an average tocation or a weighted 
average location. */ 

/p/ffi?Ke_/r^ftftf/?i?^^KPy7/'j("TARGET_HS_SCHEDULE".eYent.MS_lD); 
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/* REMOVE ANY OTHER EVENTS SCHEDULED FOR REQUESTING LOCATION COMMUNICATION FROM 
TARGET MS*/ 

} 

else /* target MS tocation data received but it is not deemed to be reliable (e.g^ too much muhipath and/or 
inconsistent measurements, so SCHEDULE an event (if none jcheduled) to request new location 
communication with the target MS, the event is at a high priority*/ 

updateJiBS_of^ntorJispl2y_ with_MS_is^%j.mjvOf^ 

I* The MBS display may use various cotors to represent nested location areas overlayed on an area map 
wherein, for example. 3 nested areas may be displayed on the map overlay: (a) a largest area having a 
relatively high probability that the target MS is in the area (e.g.. > 95%); (b) a smaller nested area having 
a lower probability that the target MS is in this area (e.g., > 80%); and (c) a smallest area having the 
lowest probability that the target MS is in this area (e.g., >70%). Further, a relatively precise specific 
location is provided in the smallest area as the most likely single location of the target MS. Note that in one 
embodiment, the colors for each region may dynamically change to provide an indication as to how high 
their reliability is; e.g, no colored areas shown for reliabilities below, say, 40%; 40-50% is purple; 50-60% 
is blue; 60-70% is green; 70-80% is amber; 80-90% is white; and red denotes the most likely single 
location of the target MS. Further note the three nested areas may collapse into one or two as the MBS gets 
closer to the target MS. Moreover, note that the collapsing of these different areas may provide operators in 
the MBS with additional visual reassurance that the location of the target MS is being determined with better 
accuracy.*/ 

/* Now RESET timer for target M5 location communicatton to try to get target MS 

location communication again within a predetermined time, */ 
nset_ /'/>fff/(*'TARGET_MS_SCHEDULE\ event.MS_ID); 

} 

COMMUNICATION OF LOCATION DATA TO MBS FROM LOCATION CENTER: { 

/» Note, target MS location data may be received from the Loation Center in the seek state, contaa state and the 
control state. Such data may be received in response to the MBS sending target MS location signal data to the 
loation Center (as may be the case in the contact and control states), or such data may be received from the 
Location Center regardless of any previously received target MS tocation sent by the MBS (as may be the case in 
the seek, contaa and control states). */ 
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if ( (the timestamp of the latest MBS location data sent to the Location Center) < = (the timestamp 
returned by thij loation Center communiation identifying the MBS location data used by the Location Center 
for generating the HBS location data of the present event) ) 
then use the LC loation dau since it is more recent than what is currently being used. */ 

5 { 

HBS new est < — get_Locatm_Ceater_ff8S es((zitx{\)\ 
deadreck_e$t < — get_ deadfeckomni_ hcation_ ch2nge_ «///7)a/tf(event); 

M8S_curr_est < --DETERMINE_MBS_LOCATION_ESTIMATE(«BS_new_€st, deadreck^est); 
if (HBS_curr_esLconfHience > a predetermined high confidence threshold) then 
1 0 reset_ <!eadnckomng_ M8S_ hatm_ est/m(o/(mni); 

update_M8$_operator_displBY_ ^^(^^^SS_ pj;((MBS_curr_est); 

} 

if ( (the timestamp of the btest target MS location data sent to the Location Center) < (the 
timestamp returned by this Location Center communication identifying the MS location data used by the 
15 Location Center for generating the target MS location estimate of the present event)) 

then /* use the MS location estimate from the LC since it is more recent than what is currently being used. ♦/ 

{ 

MS_new_est <— get_loc3ru)/j_Ceaier_MS_eji{inni)\ 

/* This information includes error or reliability estimates that may be used in subsequent attempts to 
20 determine an MBS location estimate when there is no communication with the LC and no exaa (GPS) 

location can be obtained. That is, if the reliability of the target MS's location is deemed highly reliable, 
then subsequent less reliable location estimates should be used only to the degree that more highly 
reliable estimates become less relevant due to the MBS moving to other locations. */ 
MS moving window <— get_NS_mvf/tg_w/ffdon{mTit)\ 
25 /* get nroving window of location estimates for this target MS. ♦/ 

if ( (the Location Center target MS estimate utiliied the MS location signature data supplied by the HBS) then 
if (a corresponding target MS bcation estimate marked as "temporary" is still in the moving 
window) 

30 then /* It is assumed that this new target MS location data is still timely (note the target MS 

may be moving); so replace the temporary estimate with the Location Center estimate. 
*/ 

repbce the temporary target MS A7^3/wy7 estimate in the moving window with 
**MS_new_est"; 
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eke /* there is no corresponding "temporary" target MS location in the moving window; so 
this MS estimate must be too old; so don't use it. */ 
else /* the Location Center did not use the MS location data from the MBS even though the timestamp of 
the latest MS location data sent to the Location Center is older that the MS location data used by 
the Location Center to generate the present target HS tocation estimate. Use the new MS location 
data anyway. Note there isn't a corresponding *'temporary" target MS location in the moving 
window. ♦/ 

2(f<t_ MS_ estimst€_ to_ MS_ hathn_ »%w/tf»f(MS_new_est); 

} 

else /♦ the MS location estimate from the LC is not more recent than the latest MS location data sent to the LC from 
the MBS.*/ 

if (a corresponding target MS location estimate marked as "temporary" is still in the moving window) 
then /* It is assumed that this new target MS loation data is still timely (note the target MS may be 
moving); so replace the temporary estimate with the Location Center estimate. */ 
replace the temporary urget MS hcation^\<m-m in the moving window with **MS^new^est**; 
else I* there is no corresponding "temporary" target MS location in the moving window; so this MS 
estimate must be too old; so don't use it */ 
MS_curr_est <--- Z^//ftW/ >y/ /^7«A^^^ 
up(fate_ MBS_ operator^ display^ whh_ HS_ f j:r(MS_curr_est); 
/p/fr_///77tf/("LC_COMMUNICATION", event.MSJD); 

} 

NO COMMUNICATION FROM LC: { 

/* i.e^ too long a time has elapsed since last communication from LC. */ 
SCHEDULE an event (if none scheduled) to request location data (MBS and/or target MS) from the Location Center, 

the event is at a high priority; 
met_ /y/77f /("LCJOMMU N ICATION". evcnt.MS_ID); 

} 

RBQUEST TO NO LONGER CONTINUB LOCATING THE PRESENT TARGET MS: { 

if (event not from operator) then 

request MBS operator verification; 

ebe{ 

REMOVE the current target MS from the list of HSs currently being located and/or tracked; 
SCHEDULE an event (if none scheduled) to send communication to the Location Center that the current target MS 
is no bnger being tracked; 
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PURGE MBS of at} data related to current target MS except arty cxart location data (or the target M$ that has not 
been sent to the Locatbn Center for archival purposes; 

} 

} 

5 REQUEST FROM LOCATION CENTER TO ADD ANOTHER TARGET MS TO THE UST OF MSs 

BEING TRAOiED: { 

/• assuming the Locatbn Center sends MBS location data for a new target MS to locate and/or track (e.g^ at 
least a new HS ID and an initial MS location estimate), add this new target MS to the list of MSs to track. Note 
the MBS will typically be or transitioning to in the seek state.*/ 
10 if (event not from operator) then 

request MBS operator verification; 

eUe{ 

INHIALIZE MBS with data received from the Location Center related to the estimated location of the new target 
MS: /• e.g., initialiie a new moving window for this new target HS; initialiie MBS operator interface by 
15 graphically indicating where the new target MS is estimated to be. */ 

CONf IGURE MBS to respond to any signals received from the new Urget MS by requesting location data from the 
new target MS; 

INITIALIZE timer for communication from LQ /* A timer may be set per target MS on list »/ 

} 

20 } 

REQUEST TO MANUAUY ENTER A LOCATION ESTIMATE FOR MBS (FROM AN MBS 
OPERATOR): { 

I* Note, MBS could be moving or stationary. If stationary^ then the estimate for the location of the MBS is given 
high reliability and a small range (e.g., 20 feet). If the MBS is moving, then the estimate for the location of the 
^5 MBS is given high reliability but a wider range that may be dependent on the speed of the MBS. In both ases, if 

the MBS operator indicates a low confidence in the estimate, then the range is widened, or the operator an 
manually enter a range.*/ 

MS_new_e$t <— get_Bew_MBSJoamn_€stJwm_operatoj{zs^t\i\ /* The estimate may be obtained, for 
example, using a light pen on a displayed map •/ 
30 if (operator supplies a confidence indication for the input MBS location estimate) then 

MBS_new_esLconfidence < — get_ ffBS_ opemor^ conf/dence_ of_ esT/ma£e(mni); 
else MBS_new_est.confidence < — I; /♦ This is the highest value for a confidence. */ 
deadreck^est < — fe(_ deadreckoning^ hcatm_ chang^_ est/mt€{mm); 
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MB5_curr_est <-- DETERMINE_MBS_LOCATION_ESTIMATE(NBS_new_e5i,deadreck_e5t ); 

if (MBS_curr_e$La)nfidence > a predetermined high confidence threshold) then 

res€t_ deadreckomni^ ^^3thn_ esm3to/{mni); 
update^ MBS_opera(or_ display_ whh_ MBS_ fj/(MBS_curr_est); 

/* Note, one reason an MBS operator might provide a manual MBS input is that the MBS might be too inaccurate in 
its location. Moreover, such inaccuracies in the MBS location estimates can cause the target MS to be estimated 
inaccurately, since target MS signal characteristic values may be utilized by the MBS to estimate the location of the 
target MS as an offset from where the MBS is. Thus, if there are target MS estimates in the moving window of 
target MS location estimates that are relatively close to the location represented by "MBS_curr_est", then these 
select few MS location estimates may be updated to reflea a more accurate MBS location estimate. ♦/ 

MS_moving_window < — get_MS_moYi'ng_ window(^sm)\ 

if (MBS has not moved much since the receipt of some previous target MS location that is still being used to location 
the target MS) 
then 



{ 



UPDATE those target MS location estimates in the moving window according to the new MBS location estimate 
here; 

Ms_curr_est o£rfmm_m_ioarm_fsr/m^ni_mm^^^^ 

updBte_NBS_opemor_dispkyjf/kh_m_€sd^%j\ixxj.%^^^ 



} 



} 

} /• end case statement */ 



Lower Level MBS Function Descriptions 

/• PROCEDURE: DETERMINE_MBS,LOCATION_ESnMATE REMARKS: 

It is assumed that with increasing continuous dead reckoning without additional MBS bcation verification, the potential 
error in the MBS location increases. 

It is assumed that each MBS location estimate includes: (a) a most fikely area estimate surrounding a central location and (b) a 
confidence value of the MBS being in the location estimate. 
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The confidence value for each HBS loation estimate is a measuremem of the likelihood of the MBS loaiton estimate 
being correct. More prechely. a confidence value for a new MBS location estimate is a measurement that is adjusted according to the 
following criteria: 

(a) the confidence value increases with the perceived accuracy of the new MBS location esiimaie (independem of any current 
5 MBS location estimate used by the MBS), 

(b) the confidence value decreases as the location discrepancy with the current MBS location increases. 

(c) the confidence value for the current MBS location increases when the new location estimate is contained in the current 
location estimate. 

(d) the confidence value for the current MBS locaiion decrease when the new iocatbn enimate is not contained in the current 
10 loation estimate, and 

Therefore, the confidence value is an MBS location likelihood measurement which takes into 
account the history of previous MBS location estimates. 

It is assumed that with each MBS location estimate supplied by the location Center there is a default confidence value 
supplied which the MBS may change. 
15 */ 

DETERMINE_MBS_LOCATION_,ESTIMATE(MBS_new_est, deadreck_est) 
r Add the pair, "MBS_new_esf ' and «deadreck_est" to the location tracks and determine a 
new current MBS location estimate. 

Input: MBS_new_est A new MBS baseline location estimate to use in determining the 

location of the MBS, but not a (deadreckoning) location change 
estimate 

deadreck_est The deadreckoning location change estimate paired with 
"MBS_new_est". */ 

{ 

25 if (MBS_new_est is not NULL) then /* the "deadreck est" is paired with **M8S_new_e$t'* */ 

{ 

if (all MBS location tracks are empty) then 
{ 

insert "MBS_new_est- as the head of the location track of type. "HBS_new_esttype''; 
'"«rt "MBS_n8w_est" as the head of the current track; /* so now there is a **MBS_curr_est" MBS location 
estimate to use */ 

HBS_curr_e$t < — get_ flf/'/_«/(MBS_new_est,MS JO); /* from current location track */ 

} 
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else /• there is at least one non-empty location track in addition to the current location track being non- 
empty*/ 

{ 

if (MBS_new^est is of type NANUAL_ENTRY) then 

{ /* MBS operator- entered an MBS location estimate for the MBS; so must use 
if/ 

^BLc"fr_e5t <"- add_location_entry(MBS_new_esi,deadreck_est); 

} 

else/* "MBS_new_est" is not of type MANUAL_ENTRY ♦/ 

if (the HBS location track of type, "MBS_new_esLtype", is empty) then 
{ /• some other location track is non-empty */ 

MBS curr est < — addJocation_entry(MBS_new_est. deadreck est); 

} 

else/* "MBS_new_est.type" location track is non-empty and "MBS_new_est" 

is not of type MANUAL_ENTRY*/ 
{ /* In the next statement determine if "MBS_new_est" is of at least 

minimal useful quality in comparison to any previous estimates of the 
same type; see program def n below */ 
continue_to_proces$_new_est <- FILTER(MBS_new_e$t); 
if (coritinue_to_proce$s_new_est) then /* "MBS_new_est" is of sufficient quality to 

continue processing, */ 

{ 

MBS_curr_e$t < — addJocation_entry(MBS_new_est, deadreck_est); 
}/* end "MBS_new_e5t" not filtered out ♦/ 
eUe /* **MBS_new_est'* is filtered out; do nothing */; 
}/* end else */ 

}/* end else at least one non*empty location track */ 

} 

else /* MfiS_new_est is NULL; thus only a deadreckoning output is to be added to location tracks */ 
{ 

extrapolation_entry < — Cf^m_3n_extmpoktm_emfyywn{^^zAn&_tiX)\ 
insenJn(0_eYefyJoathn_tracl{mrz^h^^^^ /* including the "current location track" */ 
MB5_curr_est <-^/^a^/7;_fj7(MBS_new_e5tHSJD);/* from current location track*/ 
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} 

RETURN(MBS__curr_e$t); 
} END /• DETERMINE_MBS_LOCATION.ESTIMATE */ 

5 add Jocation_entry(MBS_new_est, deadreck^est); 

/• This function adds the baseline cntiy, -MBS_new_esr and itt paired deadreckoning location change estimate. "deadreck_€Jt" to 
the location tracks, including the "current location track^ Note, however, that this function will roll back and rearrange location 
entries, if necessary, so that the entries are in latest timestamp order. 
Returns: MBS_curr_e$t ♦/ 

10 { 

if (there is a time series of one or more dead reckoning extrapolation entries in the location track of type "MBS_new_est.type" 

wherein the extrapolation entries have a "latest timestamp" more recent than the timestamp of -MBS_new_est") then 
{ /* Note, this condition may oaur in a number of ways; e^., (a) an HBS location estimate received from the location 
Center could be delayed long enough (ijg^ M sec) because of transmission and processing time; (b) the estimation 
15 records output from the MBS baseline loaiion estimators are not guaranteed to be always presented to the location 

tracks in the temporal order they are created. */ 
roll back all (any) entries on all tocation tracks, including the "current" track, in "latest timestamp" descending order, 
until a baseline entry. B. is at the head of a tocation track wherein B is a most recent entry having a "latest 
timestamp" prior to "MBS_new_e$r; let "stack" be the stack of a location track entries rolled off the location 
20 tracks, wherein an em^ in the suck is either a baseline loation ent^ and a paired deadreckoning location change 

estimate, or, an unpaired deadreckoning tocation change estimate associated with a NULl for the baseline location 
entry; 

insert "t1BS_new_est" at the head of the location track of type "MBS_new_^esLtype" as a new baseline entry; 

insert the extrapolation entry derived from "de3dreck_est" in each of the other baseline location tracks except 

25 the current track; 

/• It is important to mite that -deadreck_esr includes the values for the change in the MBS tocation substantially for the 
time period between the timestamp. T. of "MS_new_esr and the timestamp of the closest deadreckoning output just 
before T. further note that if there are any extrapolation entries that were rolled back above, then there /szn 
extrapolation entry. E. previously in the location tracks and wherein E has an eariiest timestamp equal to the latest 
30 timestamp of B above. Thus, all the previous extrapolation entries removed an be put back K E is modified as follows: 

the MBS location change vKtor of E (denoted herein as E.delta) becomes E.delta - [locatton change veaor of 
"deadreck^est"].*/ 
MBS__curr_est <— UPDATE_CURR_EST(MBS_new_est,deadreck_est); 
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if (the extrapotation entry E exists) then /* i.e^ "stack" is not empty •/ 

{ 

modify the extrapolation entry E as per the comment above; 

/* now fix things up by putting all the rolled off location entries back, including 
the "current location track" */ 

do until **Jtack** is empty 
{ 

stack jop <-/W;?_j/jo(($tack); 

/* "stack jop" is either a baseline location entry and a paired dead reckoning location change 

estimate, or, an unpaired deadreckoning location change estimate associated with a HULL for the 

baseline location entry */ 
HBS_nxt_est < — get_ baseline^ ^'/;/y^$tack_top); 
deadreck_est < — get_ de3drec^u>nmg_etttfy(%i^<.y_iti^)^ 

«BS_curr_est < DETERMINE_MB5_LOCATION_ESTIMATE(MBS_nxt_e3t, 

deadreckest); 

} 

} 

} 

else /* there is no deadreckoning extrapolation entries in the k)cation track of type "MBS_new_est.typc" wherein the 

extrapolation entries have a "latest timestamp*' more recent than the timestamp of "MBS_new_e5t", So just insert 
"HBS_new_est" and "deadreck^est" */ 

{ 

insert **MBS_new_est" at the head of the tocation track of type "MBS_new_eiLtype'' as a new baseline entry; 

insert the extrapolation entry derived from "deadreck_e$t'* in each of the other location tracks except the current track; 

MBS_curr_est UPDATE^CORR_EST(MB$_new est, deadr€ck_cst); f* see prog defn below V 

} 

RniiRN(MBS_curr_€$t); 
} /* end add Jocation_entry •/ 

FILTER(MBS_new_e5t) 

r This function determines whether "MBS_new_est" is of sufficient quality to insert into It's 
corresponding MBS location track. It is assumed that the location track of 
"MBS_new_est.type** is non-empty. 
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Input: MBS_new_est A new MBS location estimate to use In determining the 

location of the MBS. 
Returns: FALSE if *'MBS_new_est'' was processed here (i.e.. filtered out)» 

TRUE if processing with "MBS_new_est" may be continued . */ 

{ 

continue_to_process_nEw_est < -TRUE; /* assume **MBS_new_cst** will be good enough to use as an HBS location estimate */ 
/• see if **MBS_new_est" can be filtered out.*/ 

if (the confidence in MBS_new_est < a predetermined function of the conridence($) of previous HBS location estimates of 
type "MBS_new_esLtype'') 

/* e.g^ the predetermined funaion here could be any of a number of functions that provide a minimum threshold on 
what constitutes an acceptable confidence value for continued processing of •*MBS_new_est". The following is an 
example of one such predetermined function: K* (confidence of ''MBS_new_est.type" location track head) for 
some 0 < K< = 1.0, wherein K varies with a relative frequency of estimates of type 
"HBS_new_esttype" not filtered; e,g,., for a given window of previous MBS location estimates of this type» K= 
(number of MBS location estimates of *'MBS_ncw_e$i.type'* not filtered)/(the total number of estimates of this 
type in the window). Note, such filtering here may be important for known areas where, for example, GPS signals 
may be potentially reflected from an object (i.e.. multipath), or, the location Center provides an NBS iocadon 
estimate of very low confidence. For simplicity, the embodiment here discards any filtered location estimates. 
However, in an altemtive embodiment, any such discarded location estimates may be stored separately so that, 
for example, if no additional better NBS location estimates are received, then the filtered or discarded location 
estimates may be reexamined for possible use in providing a bener subsequent tIBS location estimate.*/ 

then continue_to_proccss_nev/_esi <-- FALSE; 
else if (an area for "f1BS_new_est" > a predetermined function of the corresponding area(s) of entries in the location 

track of type "MBS_new_cst.type") 

/* e.g.. the predetermined funaion here could be any of a number of functions that provide a maximum threshold 
on what constitutes an acceptable area siie for continued processing of *'HBS_ncw_est". The following are 
examples of such predetermined functions: (a) the identity function on the area of the head of the location track 
of type **HBS_new_est-type"; or, (b) K*(the area of the head of the location track of type 
"HBS_new_«Ltype"), for some K, K> =1.0, wherein for a given window of previous MBS location estimates of 
this type, K= (the total number of estimates in the window)/ (number of these location estimates not filtered); 
note, each extrapolation entry increases the area of the head; so areas of entries at the head of each location 
track type grow in area as extrapolation entries are applied. */ 

then coniinue_to _process_new_est < - FALSE; 
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RETURN(continue_tojirocess_new_est) 
} 

UPDATE_CURR_EST(MBS_new_est,deadreck_est) 

/• This function updates the head of the "current" MBS location track whenever 

"MBS_new_est" Is perceived as being a more accurate estimate of the location of the 
MBS. 

Input: MBS_new_est A nevf HBS location estimate to use in determining the location 

of the MBS 

deadreck_est The deadreckoning MBS location change estimate paired with 
"MBS_new_est". 

Returns a potentially updated "MBS_curr_est" •/ 

{ 

if (MBS_new_e$t is of type MANUAL FNTRY) then 

{ /* MBS operator entered an MBS location estimate for the MBS; so must use it */ 

insert "«BS_new_eu*' as the head of the "current MBS location trac^ which is the location track indicating the best 
current approximation of the location of the MBS; 

} 

else /♦ '*HBS_new_est" is not a manual entry */ 

MBS_curr_est <-.. get_cifrr_est{mS Kyf_um_\\>); /* get the head of the "current location track" */ 
adju$ted_curr__est < — ^/y^^_(/w(//P6f'ffi7//7^«)(MBS_curr_est»deadrKk_est); 

./* The above function returns an object of the same type as "HBS_curr_est". but with the most likely MBS 

point and area locations adjusted by **deadreck_est". Accordingly, this funaion performs the following 

computations: 

(a) selects, K^si, the MBS location area estimate of "MBS_curr_est" (e^., one of the "most likely" 
nested area(s) provkled by "HBS_curr_est'' in one embodiment of the present imrention); 

(b) applies the deadrccbning translation corresponding to *'deadreck_est" to to thereby 
translate it (and expand it to at least account for deadreckoning inaccuracies). * / 

\i{reasoiiairfy_c/ose{MBSj:iey*j£st, adjusted_curr_est, MBS_curr_est)) 

/* In one embodiment, the f unrtion "reasonabIy_close" here determines whether a most likely MBS point 
location (i^., centroid) of *-MBS_new_est" is contained in the MBS estimated area of 
"adjiistedcurrjst" 
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Note that the reasoniitg for thUconitraint is that if *'MBS_curr_e5t" waszccumt, then any *'most 
[ikety MBS point tocation" of a new MBS baseline estimate that is also accurate ought to be in the MBS 
estimated area of **adjujted_curr_est'* 

In a second embodiment, the function '*r«asonably_ctese'' determines whether the centroid (or most 
5 likely MBS point location) of "MBS_new_est*' is close enough to "MBS curr^est" so that no MBS 

movement constraints are (grossly) violated between the most likely point 
locations of "MBS_new_est" and "MBS_cuiT_est"; i^.. constraints on (de)acceleration, 
abruptness of direction change, velocity change, max velocity for the terrain. Note, such constraints are 
discussed in more deUil in the sertion herein describing the "Analytical Reasoner". Accordingly, it is an 
aspect of the present inventbn to provide similar capabilities to that of the Analytical Reasoner as part of the 
MBS, and in particular, as the functionality of the "MBS LOCATION CONSTRAINT CHECKER" illustrated in fig. 
1 1 . It is assumed hereinafter that the embodiment of the function, "^easonably_clo$e^ performed here is a 
combination of both the first and second embodiments, wherein the constraints of both the first and second 
embodiments must be satisfied for the function to return TRUE. */ 



15 then 



if (the confidence in MBS_new_est >= the confidence in MBS_curr_est)then 



if (the most likely MBS area of MBS_new_€St contains the most likely MBS area of **adiusted_curr_est*' as 
computed above) then 

20 shrink MBS_new_e3t uniformly about its centroid (i.e,. "most likely MBS point loatton") until it is 

as small as possible and still contain the MBS estimated area of "adju$ted_curf_c$t". 
msert_/nta_/ocat/on^ r/ac/f("currcni". HBSnewest); 

/* The program invoked here inserts a location track entry corresponding to the second parameter into the 
location track identified by the first parameter (e.g^ "current"). It is important to note that the second 
25 parameter for this program may be eMeroi the following data strurtures: a "location track entry", or an 

•"MBS tocation estimate" and the appropriate tacatton track entry or entries will be put on the location 
track corresponding to the first parameter. The insertion is performed so that a "latest timestamp" order 
is maintained; i^^ 

(a) any extrapolation entries in the location track, wherein these entries have a more recent 
^0 -latest timestamp*' than the ("earliest" or only) timestamp (depending on the data 

structure) ol the second parameter are removed, and 
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(b) conceptually at lea«. the location change estimates output from the deadreckoning MBS 
tocation estimator that correspond with the removed extrapolation entries are then 
reapplied in timestamp order to the head of the target location track. * / 

} 

else /* the centroid of "MBS_new_e$t^ is conuined in an area of "MBS^curr_est^ but the confidence in 
"MB$_new_est" < confidence in "MBS_curr_est" •/ 

{ 

most_!ikel)r_est < - determine a "most likely MBS location estimate" using the set S = {the MBS 

location estimate centroid(s) of any MBS location track heads contained in the MBS 
estimated area of -adjujted_curr_ejt^ plus, the centroid of "MBS_new_e$t"}; 
/• Note, in the above statement, the **mo$t likely MBS location estimate" may be determined 
using a number of different techniques depending on what funaion(5) is used to embody the 
meaning of "most likely". In one embodiment, such a **most likely" funaion is a function of 
the confidence values of a predetermined population of measurements (e.g., the seleaed 
location track heads in this case) from which a "most likely" measurement is determined {e.g., 
computed or selected). For example, in one embodiment, a "most likely" funaion may include 
selecting a measurement having the maximum confidence value from among the population of 
measurements. In a second embodiment, a "most likely" funaion may include a weighting of 
measurements (e.g.. loation track heads) according to corresponding confidence values of the 
measurements. For example, in the prpsent context (of MBS location track heads) the 
following steps provide an embodiment of a "most likely" function: 

(a) determine a centroid of area for each of the seleaed track heads (i.e.. the location 
track heads having a point location estimate contained in the MBS estimated area of 
"adjustedcurrest"); 

(b) determine the "most likely location MBS positioif P as a weighted centroid of the 
centroid J from step (a), wherein the weighting of each of the centroids from (a) is 
provided by their corresponding confidence values; 

(c) output an area. A„ as the "most likely HBS location a/e^ , wherein the centrDid of 
A, is P and A, is the largest area within the MBS estimated area of 
•*adju$ted_curr_ejt" satisfying this condition; and 

(d) set a confidence value for A, as the average confidence value of "MBS^new est". 
-MBS_curr_est" and the seleaed location track head used. ♦/ 

insertjntojocation^ f/afA("current", most Jikely_«t): 
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ebe/* **MBS__new_est" Is not reasonably close to "adju$ted_curr_est" (i.e., 

•*MBS_curr_est" with "deadreck^est" applied to it), so a conflict exists here; e.g.. 
(i) '•MB$_new_est'* is not a manual entry, and (ii) -MBS_new_e$t" does not have ru centroid contained in the 
MBS estimated area of **adjusted_curr_e$t". or, there has been a movement constraint violation. Hote that it is 
not advisable to just replace *'HBS_curr_est" with "new_est_head" because: 

(a) •*MBS_new_e$t- may be the MBS tocation estimate that is least accurate, while the previous entries 
of the current location track have been accurate; 

(b) the •'MBS_curr_est" may be based on a recent MBS operator manual entry which should not be 
overridden. ♦/ 

{ 

MBS_curr_eJt < — resolve_confIicts{MBS_new_e$t, adjusted curr est, MBS_curr_est); 

} 

} /* end else **MBS_nfiw_esr not a manual entry */ 
if (HBS is a vehicte) and (not off road) then 

/• it is assumed that a vehicular MBS is on-road unless explicitly indicated otherwise by MBS operator. */ 
MBS_curr_esi snap_to_ltest_/ft_sireei(mSjimjiii); /* snap to best street location according to location 
estimate, velocity, and/or direaion of travel. Note, this is a translation of "MBS_curf_e5t". ♦/ 
RETURN(MBS_curr_est) 
} r END UPDATE(MBS.CURR_EST) */ 

resolve_conflicts(MBS_new_est, adjusted_curr_est, MBS_curr_est) 
/* There is a basic conflict here, 

(i) **MBS_new_est'* is not a manual entry, and 

(ii) one of the following is true: "MBS_new_est" does not have its centroid contained 
in the area "adjusted_curr_est", or, using "MBS_new_est** implies an MBS 
movement constraint violation. 

Input: MBS_new_est The newest MBS location estimate record. 

adjusted_curr_est The version of "MBS_curr_e$t'' adjusted by the deadrcckoning 

tocation change estimate paired with "MBS_new_est"- 
MBS_curr_cst The location track entry that is the head of the Current" location track. Note 

that "MBS_new_est.confidence" > "MBS_curr_e$t.cofidence". 
Output: An updated "MB5_curr_est". ♦/ 

{ 
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mark that a conflia has arisen bctv/een "MBS_curr_e3t** and "MBS^new^est"; 
if (the MBS operator desires notification of MBS location estimate conflicts) then 

notify the MBS operator of an^MBS location estimate conflict; 
if (the MBS operator has configured the MBS location system to ignore new estimates that are not "reasonably 
5 close" to adjusted_curr_est) or 

(MBS_curr_est Is based on a manual MBS operator location estimate, and the MBS has moved less 
than a predetermined distance (wheel turns) from where the manual estimate was provided) then 
RETURN(adiusted_curr_est); 
else /* not required to ignore **MBS_new_est", and there has been no recent manual 
10 estimate input*/ 

{ /• try to use "MBS_new_est" ♦/ 

if ((MBS_new_est.confidence - adjusted_curr_est.conndence) > a large predetermined 
threshold) then 

/* Note, the confidence discrepancy is great enough so that **MBS_new_c$t** should be the most recent baseline 
15 estimate on current MBS location track. Note that the threshold here may be approximately 03. wherein 

confrdences are in the range [0, 1] */ 
iitsert_mto_lo€ation_tracl^\^m\[C , HBS_new_e$t); 

/* insert *'MBS_new_est" into "current" location track (as a baseline entry) in •'latest timestamp" order. 
i.e., remove any extrapolation entries with a more recent "latest timestamp" in this track, and reapply, 
20 in timestamp order, the location change estimates output from the deadreckoning MDS location 

estimator that correspond with the removed extrapolation entries removed; */ 
else I* "MBS_new_est.confidence" is not substantially bigger than 

"adjusted_curr_est.confidence"; so check to see if there are potentially MBS 
location system instabilities ^/ 
25 { /• check for instabilities */ 

if [ (there has been mote than a determined fraction of conflicts between the **MBS_curr_est" and "MBS_new_est" 
within a predetermined number of most recent **MBS_new_est" instantiations) or 
(the path corresponding to the entries of the **current location track" of the MBS has recently violated MBS 
movement constraints more than a predetermined fraction of the number of times there has been new 
30 instantiation of "MBS_curr_est", wherein such movement constraints may be (de)acceleration constraints, 

abrupt change in direction constrainu, constraints relating to too high a velocity for a terrain) or 
(there has been an MBS operator indication of lack of confidence in the recently displayed MBS location 
estimates)] 
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then r the MBS location system is likely unstable and/or inaccurate; check to see if 
this condition has been addressed in the recent past. */ 
{ fa instability •/ 

K(rrxJmtabinty_counter equal to 0) then/* no instabilities have been addressed here 
within the recent past; i^^ "rii_in5tabiirty_coumer" has the following semantia: if it is 0» 
then DO instabilities have been addressed here within the recent past; else if not 0. then a recent 
instabifity has been attempted to be fixed here. Note, Tix.instability^counter" is decremented. H 
not zero, each time a new basehne location entry is inserted into its corresponding baseline 
location track. Thus, this counter provides a "wait and see" strategy to determine if a previous 
performance of the statemems below mitigated the (any) HBS tecaiion system instability, */ 



15 



20 



25 



30 



{ 



mo$tJilcely_est <-- determine a new "most likely HBS location estimate"; [30. 1] 

/* Note, a number of M8S location estimates may be generated and compared here for 
determining the "mo$tJikely_e$t*'. For example, various weighted centroid NBS location 
estimates may be determined by a clustering of location track head entries in various ways. 

In a first embodiment for determining a value (objea) for **mo$t_likely_e$r . a **most 
likely" function may be performed, wherein a weighting of tacation track heads according to 
their corresponding confidence values is performed, for example, the following steps provide an 
embodiment of a **most likely" funaion: 

(a) obtain a set S having: (i) a centroid of area for each of the track heads having a 
corresponding area contained in a determined area surrounding the point 
location of "adjusted_curr_est" (eg., the HBS estimated area of 
"adjmted_curr_est"). plus (ii) the centroid of "HBS_new_est**; 

(b) determine the "most likely tocation HBS positiogf P as a weighted centroid of 
the centroids of the set S from step (a), wherein the weighting of each of the 
centroids from (a) is provided by their corresponding confidence values; 

(c) output an area. A. as the "most likely HBS location area^ wherein A has P as a 
centroid and A is a "small" area (eg., a convex hull) containing the 
corresponding the centroids of the set S; and 

(d) set a confidence value for A as the average confidence value of the 
centroids of the set S. 

In a second embodiment. "most Jikely_est" may be determined by expanding (e.g., 
substantially uniformly in all dirertions) the HBS locatwn estimate area of "MBS_new_est" 
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until the resulting expanded area contains at least the most like!/ point location of 
**adjusted_curr_e$t" as its most likely MBS location area. */ 
insenjntojocation^ r/acA("current", most Jikelyest); 
rix_injtability__counter < - a predetermined number, C. corresponding to a number of baseline 
tmxt^ to be put on the baseline location tracks until MBS location system instabiHties are to be 
addressed again here; /• when this counter goes to zero and the HBS location system Is unstable, 
then the above statements above will be performed again. Note, this counter must be reset to C (or 
higher) if a manual MBS estimate is entered, */ 

} 

} /* fix instability */ 

else/* The MBS location system has been reasonably stable, and 
"MBS_curr_estxonfidence" Is not substantially bigger than 
"adjusted_new_est.conndence'* . */ 

most_likely_€st < - determine a most likely MBS toation estimate; 
/* The determination in the statement above may be similar or substantially the same as the computation 
discussed in relation to statement po.l] above. However, since there b both more stability in this case than 
in [30.1] and less confidence in ^'MBS^new^est". certain MBS movement constraints may be more 
applicable here than in [30.1]. 

Accordingly, note that in any embodiment for detennining "mo$t_likely_est" here, reasonable 
movement constraints may also be used such as: (a) unless indicated otherwise, an HBS vehicle will be 
assumed to be on a road, (b) a new MBS location estimate should not imply that the MBS had to travel 
faster than, for example, 120 mpb or change direaion too abruptly or change velocity too abruptly or 
travene a roadless region (e.g.. corn field or river) at an inappropriate rate of speed. 

Thus, once a tentative MBS location estimate (e.g., such as in the steps of the first embodiment of 
[30.1 J) lor **most Jikefy_esf* has been determined, such constraints may be applied to the tentative 
estimate for determining whether it should be pulled back toward the centroid of the -MBS_curr_est'' in 
order to satisfy the movement constraints*/ 
i'ns€rtjntojocat/on_^track(\yymnx\ most_(ikely_est); /• note, the second parameter for this 
funrtion may be either of the following dau structures: a ^loation track mrf\ or a **MBS location 
estimate" and the appropriate loation track entry or entries will be put on the location track corresponding 
to the first parameter, */ 
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} /• check for instabilities */ 

MBS_curT_€Jt <— ^{_ar/7^fxr(HBS_new_estJlS_ID); /• from cumnt loation track */ 
} /• try to use "MBS_new_est" •/ 
RETURN(NBS_curr.est) 
} r END resolve_conflicu */ 
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APPENDIX B: Pseudo code for a genetic algorithm 

Pseudo code for a genetic algorithm 

Geiietic_A(gorithni (*decode, ♦fitnessjunction. parms) 

I* This program impfements a genetic afgorithm for determining efficient 
valuesofparametersfora^archproblenu The current be«val«s of the paranwten are received by the ge^ 
nnicturesuchasanarray. no such information bavaitable. then the genetic algort^^ 
This program also receives as inpot a poimer to a decode function that pmv-^^ 

parametersare represented by bitstringslseegeneticafgorithm^^^^^^ The pmgram also receives a pointer to a fitness function. 
«fitnessJynaio^s^ that provides the genetic algorithm with information about how the quality of potential solutions should be deteimir^d. 
The program computes new, improved valtiesof parameters and replaces the old values in the array "parms." 
•/ 

//assume that each particular application will have a specific fitness funrtion and decoding 

// scheme; otherwise, the procedure is the same every time 

//generate the initial population 

II generate a random population of binary strings containing popsize strings 

fori = f to popsize 

forj = I to $tring_length 

Jtring(i,j) = random(OJ) 

end loop on j 
end loop on r 

// keep generating new populations until linished 
do until finished 
fori = I to popsize 

//transfofm the binary strings into parametersfrom the problem at hand; requiivs problem 
//specific function 
decode ($tring(i)) 
//evaluate each string 
evaluate (string(i)) 
end h»p on i 

// perform reprotluction 
reproduce (population_ol_jtring$) 
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//p&tform crossover 

crosaver (population_of_strings) 

//perform mutation 

mutate (popui3tiQn_of_stringj) 

// evaluate the new population 

fori= Itopopsiie 

//transform tlie binary strings into parameters 

//firom the problem at hand; requires problem 

//^feci/ic function 
decDde ($tnng(i)) 

//evaluate the fitness of each string 

efvahcte (stnng(i,j)) 
end bop on i 

if fRushed then report new resuks to the calfmg routine 
eke go back to tip of do-until bop 
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APPENDIX C: Location Database Maintenance Programs 

DATA BASE PROGRAMS FOR MAINTAINING THE LOCATION SIGNATURE DATA BASE 

S In the algorithms below, external parameter values needed are underlined . Note that in one embodiment of the present 

invention* such parameters may be adaptively tuned using, for example, a genetic algorithm. 

EXTERNALLY INVOCABLE PROGRAMS: 

10 Update_Loc_Sig_DB(newJoc_obj, selection_criteria» loc_sig_pop) 

/* This program updates loc sigs in the Location Signature data base. That is, this program updates, for example, at least 
the location information for verified random loc sigs residing in this data base. Note that the steps herein are also 
provided in flowchart form in Fig. 17a through FIG. I7C 

IS Introductory Information Related to the Function, "Update^Loc^Sig^DB" 

The general strategy here is to use information (i.e., "new toc obj**) received from a newly verified location 
(that may not yet be entered into the Location Signature data base) to assist in determining if the previously stored 
random verified loc sigs are stilt reasonably valid to use for: 
20 (29.1) estimating a location for a given collection (i.e., "bag") of wireless (e.g., CDMA) location related signal 

charaaeristia received from an HS, 
(192) training (for example) adaptive location estimators (and location hypothesizing models), and 
(293) comparing with wireless signal characteristics used in generating an MS location hypothesis by one of the MS 
location hypothesizing models (denoted First Order Models, or, FOMs). 
25 More precisely, since it is assumed that it is more likely that the newest location information obtained is more indicative of 

the wireless (CDMA) signal charaaeristics within some area surrounding a newly verified location than the verified loc sigs 
(location signatures) previously entered into the Location Signature DB. such verified loc sigs are compared for signal 
characteristic consistency with the newly verified location information (object) input here for determining whether some of 
these **o[der** data base verified loc sigs still appropriately charaaerize their associated location. 
30 In particular, comparisons are iterative ly made here between each (target) loc sig "near" **new Joc_obj" and a 

population of loc sigs in the location signature data base (such population typically including the loc sig for 
"new_loc_obj) for: 
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(29.4) adjurting a confidence factor of the target Ice srg. Note tfiat each such confidence faaor is in the range [0. 1] 
with 0 being the lowest and I being the highest. Further note that a confidence factor here can be raised as 
well as lowered depending on how well the target loc sig matches or is consistent with the population of loc 
sigs to which it is compared. Thus, the confidence in any particular verified foe sig, li, can f luauate with 
successive invoations of this program if the input to the successive invocations are with location information 
geographically "near" LS. 

(29i) remove older verified loc sigs from use whose confidence value is below a predetermined threshold. Note, it b 
intended that such predetermined thresholds be substantially automatically adjustable by periodically testing 
various confidence faaor thresholds in a specified geographic area to determine how well the eligible data 
base loc sigs (lor different thresholds) perform in agreeing with a number of verified loc sigs in a "loc sig 
test-bed", wherein the test bed may be composed of, for example, repeatable !oc sigs and recent random 
verified loc sigs. 

Mote that this program may be invoked with a (verified/known) random and/or repeatable loc sig as input 
Furthermore, the target loc sigs to be updated may be selected from a particular group of loc sigs such as the random loc 
sigs or the repeatable loc sigs, such seleaion being determined according to the input parameter, "5election_criteria" 
while the comparison population may be designated with the input parameter, "loc_$ig_pop-. for example, to update 
confidence factors of certain random loc sigs near '*newJoc_obi^ **seleaion_critBria" may be given a value indicating. 
-USE^ANDOMJOCJIGS", and "loc_sig_pop" may be given a value indicating, "USE_REPEATABLE_ LOCJIGS", 
Thus, if in a given geographic area, the repeatable loc sigs (from, e.g., stationary transceivers) in the area have recently 
been updated, then by successively providing "new joc^obj" with a loc sig for each of these repeatable loc sigs, the 
stored random loc sigs can have their confidences adjusted. 

Alternatively, in one embodiment of the present invention, the present funaion may be used for detcnnining 
when it is desirable to update repeauble Ice sigs in a panicular area (instead of automatically and periodically updating 
such repeatable loc sigs). For example, by adjusting the confidence facton on repeatable loc sigs here provides a method 
for determining when repeatable loc sigs for a given area should be updated. That is. for example, when the area's average 
confidence factor lor the repeatable loc sigs drops betow a given (potentially high) threshold, then the MSs that provide the 
repeatable loc sigs can be requested to respond with new loc sigs for updating the DB. Note, however, that the approach 
presented in this function assumes that the repeatable location information in the DB is maintained with high confidence 
by, for example, frequent 08 updating. Thus, the random verified DB location information may be effeaively comparwl 
against the repeatable toe sigs in an ar^a. 
INPUT: 

new Joc^obj: a data representation at least including a loc sig for an associated location about which Location 
Signature loc sigs are to have their confidences updated. 
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selectton_criterta: a data representation designating the loc sigs to be seleaed to have their confidences 
updated (may be defaulted). The following groups of loc sigj may be selected: '*U5E_RAND0M_L0C_SIGS'* (this 
is the default). USE JEPEATABLE_LOC_SIGS", "USE JU JOC JIGS^ Note that each of these selections has 
values for the following values associated with it (although the values nay be defaulted): 

(a) a confidence reduction factor for reducing loc sig confidences, 

(b) a big error threshold for determining the errors above which are considered too big to ignore, 

(c) a confidence increase factor for increasing loc sig confidences. 

(d) a small error threshold for determining the erron below which are considered too small (i.e., good) to 
ignore. 

(e) a recent time for specifying a time period for indicating the loc sigs here considered to be "recent". 
loc_sig_j>op: a data representation of the type of loc sig population to which the loc sigs to be updated are 

compared. The following values may be provided: 

(a) •'USE ALL LOC SIGS IN DB". 

(b) "USE ONLY REPEATABLE LOC SIGS** (this is the default). 

(c) ••USE ONLY LOC SIGS WITH SIMIUR TIME OF DAY" 

However, environmental charaaeristics such as: weather, traffic, season are also contemplated. * / 
/*Make sure "newjoc^obj" is in Location DB. */ 

if (NOT new_foc_obj.in_DB ) then /* this location object is not in the Loation Signature DB; note this can be determined by 

comparing the location and times/datcstamp with DB entries */ 
08_hsert_ new_hc_sig_ f'/7//A?j(new_foc_obj); // stores loc sigs in Location Signature DB 
/* Determine a geograpiiical area surrounding tiie iocation associated witit 
"new^ loc_ obj" for adjusting tfie confidence factors of loc sigs frnving associated 
locations in this area. */ 

DB_search_areal < — get_ co/3/fdence_ ad/ust_search_ area_ for_ DB_ nndoat_ hc_ j//j(newJoc_obj.lDcation); 
/^get the loc sigs to have their confidence factors adjusted. */ 
DB_loc_$ig$ < /i'/_a//_/?^/r)f_j//j_/&/(DB_$earch_areal. seleaion_crheria); 

nearby Joc_sig_bag < — get loc sigs from "DBJoc_$igs" wherein for each loc sig the distance between the location associated 
with "new Joc_objJocation" and the verified location for the loc sig is closer than, for example, some 
standard deviation (such as the second standard deviation) of these distances for alt loc sigs in 
"OBJocsigs"; 

For each "loc sig'' having its confidence factor ad/usted do */ 

for each loc_sig[i] in nearby Joc_sig_bag do //determine a confidence for these random loc sigs 

Ml 
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{ 

/* Determine a search area surrounding the location associated with "loc 
sig" */ 

loc < gft_ KP/7j^i?i/_/K3/'/i7^Ioc_sig[i]); 
5 /* Determine the error corresponding U> /tow well **loc sig'' fits with the 

portion of the inputted type of loc sig population that is also in the search 
area, V 

BS < — get_BS^^^J\^\ 

narkj^_umc(£ss^k^^j\^\ /* mark *Ioc_$ig[i]" in the Loation Signature DB so that rt isnH retrieved. ♦/ 
10 0B_$earch_area2 <'-'g€(_a>nndenc€_adJust_semh_ma_for_D8_Ioc_sigi{}i^^^ 

/* Get search area about •'rand_loc". Typ'rcall/, the *'new_ioc_obj" would be in this search area ♦/ 
loc_$ig_bag <— cn?jtf_ A?r_j/i^/tf^loc_sig[i]);/* create a loc sig hag having a single loc sig. "ioc_$ig[i]'*»/ 
outpiit_critcria < — get criteria to input to "Oetennine_Locatton_Srgnatore_Fit_Errors" indicating that the funaion 
shooid generate error records in the returned **error_rec_bag" only for the single loc sig in 
15 "loc_$ig^bag". That is. the output criteria is: "OUTPUT ERROR_RECS FOR INPUT IOC SIGS 

ONLr. 

errDr_rec_bag[i] < Detemiine_Location_Signature_Fit_Errors{ioc.location. loc sig bag, 

DB_search_area2. loc_jig jwp, output_criterta); 
anmark_making_2cces^Ie(\^ J\l{\[)\ f* unniark ''lDc_$igfi]'' in the Location Signature DB so that it can now be 
20 retrieved.*/ 
} 

/* Reduce confidence factors of loc sigs: (a) that are nearby to the location 
associated with ''newjocjobj'', (b) diat have big errors, and (c) that have not 

been recently updated/acquired. */ 

25 error rec set < — imh_ set_ aahn_ tf^error_rec_bag[i] for all i); 

/• Now modify conHdences of loc sigs in DB and delete loc sigs with very low confidences */ 
i^uce_bad_DBJoc_sigs(nearby_tec_^sig;_bag,error_rec_set»seleaion_criter"i^^ 

$efcdion_criteria,conridence_reduction_factor,selertion_criteria.recent_tinK); 
/• Increase confidence factors of loc sigs: (a) that are nearby to the location 
30 associated widi ''newJoc_obf% (b) that have small errors, and (c) that have not 
been recently updated/acquired. */ 
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increase_confidence_of_gc>od_DB_loc_sigs(nearbyJoc_sig_bag,error_rec_s^ 

$e!ection_criteriajm3ll_error_thre$hold, 

Ml8aion_criterizLconfidence_tncrease_fa(tor, 

Mtection_cmeria.recent_tinie); 

END OF Update_Loc_Sig^DB 



DB_Loc_Sig_Ern)r_Fit(M$Joc_est, OB_search_area, measured Joc_sig^bag, search_criterU) 

/♦ This function determines how well the collertion of loc sigs in "measured_loc_sig_bag'' fit with the )oc sigs in the 
location signature data base wherein the data base loc sigs must satisfy the criteria of the input parameter **search_crit€ria" 
and are relatively close to the MS location estimate of the location hypothesis, "hypothesis'*. Thus, in one embodiment of the 
present invention, the present f unaion may be invoked by, for example, the confidence adjuster module to adjust the 
confidence of a loation hypothesis. 
Input: hypothesis: MS location hypothesis; 

measured Joc_sig_bag: A collection of measured location signatures ("loc sigs" for shon) obtained from 
the MS (the data structure here is an aggregation such as an array or list). Note, it is assumed that there is at 
most one loc sig here per Base Station in this collection. Additionally, note that the input data struaure here 
may be a location signature cluster such as the "loc_sig_cluster" field of a location hypothesis (cf. fig. 9). 
Note that variations in input data structures may be accepted here by utilization of flag or tag bits as one 
skilled in the art will appreciate; 
search_criteria: The criteria for searching the verified location signature data base for various categories of 
loc sigs. The only limitation on the types of categories that may be provided here is that, to be useful, each 
category should have meaningful number of loc sigs in the location signature data base. The following 
categories included here are illustrative, but others are contemplated: 

(a) ^'USE ALL LOC SIGS IN OB" (the default), 

(b) *-USE ONLYREPEATABLE LOC SIGS". 

(c) "USE ONLY LOC SIGS WITH SIMIUR TIME OF DAY**. 

Further categories of loc sigs ctose to the MS estimate of "hypothesis" contemplated arc: all loc sigs for the 
same season and same time of day, all loc sigs during a specific weather condition (e.g., snowing) and at the 
same time of day, as well as other limitations for other environmental conditions such as traffic patterns- 
Note, if this parameter is NIL, then (a) is assumed. 
Returns: An error objea (data type: "error_object") having: (a) an "error" field with a measurement of the error in the fit 
of the location signatures from the MS with verified location signatures in the Location Signature data base; and 
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(b) 3 "confidence" field with a value indicating the perceived confidence that is to be given to the "error value, 
♦/ 

if ("jearch_critena*' ij N IL) (hen 
5 Jearch_criteria < — "USE ALL LOC SI6S IN DB"; 

/* determine a collection of error records wherein there is an error record for 
each BS that is associated with a loc sigin ''measureJoc_sig_bag'' and for each BS 
associated with a loc sig in a geographical area surrounding the hypothesls's 
location, V 
10 outpiit_criteria < — "OUTPUT ALL POSSIBLE ERROR_REa**; 

/* The program invoked in the following statement is described in the location signature data base section. * / 
ernjr rec_bag Detennine_Location_Signature__Fit_Em>rs{MSJoc_esi, measured Joc sig Jag, 

DB_sfiarch_area, search_criteria, output_criteria); 
/* Notc» "error_rec_bag" has "error_rec*s'* for each BS having a loc sig in "DB_search_area" as well as each BS having 
15 a loc sig in "measuredJoc_sig_bag". */ 

/* determine which error records to ignore V 
BS_crronjoJgnore_bag <™ ^/_^J_f/7i7/^/w_/^_///7a/p{DB_search_arBa. error_rec_bag,); 

r Our general strategy is that with enough BSs having: (a) loc jigs with the target MS, and (b) also having verified 
locatiofls within an area about the MS location "MS_loc_esr, some relatively large errors can be tolerated or ignored. For 
20 example, if the MS location estimate. -MS_loc_est". here b indeed an accurate estimate of the MS's location and if an 

area surrounding "MS Joc_esr has relatively homogeneous environmental characteristics and the area has an adequate 
number of verified location signature dusters in the location signature data base, then there will be prESumably enough 
comparisons between the measured MS loc sigs of "measured_ioc_5igJag" and the estimated loc sigs. based on verified 
MS locations in the DB (as determined in "Determine__Location_SignatureJit_Errt)rs"). for providing "error rec bag" 
25 with enough small errors that these small errors provide adequate evidence for "MSJoc_est" being accurate. 

Accordingly, it is believed that, in most implementations of the present invention, only a 
relative^ small number ofloc^sig comparisons need have small errors for there to be 
consistency between the loc sigs of ''measuredjoc^sig^bag" and the verified loc sigs in 
the location signature data base. That is, a few large errors are assumed, in general, to 
be less indicative of the MS location hypothesis being incorrect than small errors are 
indicative of accurate MS locations. Thus, if there were ten measured and estimated loc sig pairs, each 
associated with a different BS, then if four pairs have small errors, then that might be enough to have high confidence in 
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the MS location hypotheih. However, note that this determination coufd depend on the types of base stations; e.g... if five 
full-service base stations had measured and verified loc sigs that match reasonably well but five location BSs in the search 
area are not detected by the HS (i.e., the mca$ured_loc_sig_bag has no loc sigs for these location BSs), then the 
confidence is lowered by the mismatches. 

Thus, for example, the largest x% of the errors in "error_rec_bag" may be ignored. Note, that "x" may be: (a) 
a system parameter that is tunable using, for example, a genetic algorithm; and (b) "x" may be tuned separately for each 
different set of environmental charaaeristia that appear most importam to accurately accessing discrepancies or errors 
between loc sigs. Thus, for a first set of environmental charaaeristics corresponding to: rural, flat terrain, summer, 8 PM 
and clear weather, it may be the case that no loc sig errors are ignored. Whereas, for a second set of environmental 
charaaeristics corresponding to: dense urban, hilly, fall, 8 PM, heavy traffic, and snowing, all but the three smallest errors 
may be ignored. */ 

/* determine (and return) error object based on the remaining error records */ 

error_obj,mea5mt <— 0;// initializations 
error_obj.confidence 0; 

for each error_rec[i] in (error_rec_bag - BS_errors jo_ignore_bag) do 
{ 

error_obj.measmt <— error_obj.measmt + (error_rec[i].error); 
errDr_obj.confideflce <™error_obj,confidence + (error_rec[iJxonfidence); 

} 

error_obj.measmt < — error__obj,measmt / SfZEOF(error_rec_bag - BS errorsjo Jgnore_bag); 

error_objj:onndence < - error_obj.confidenc€ /SIZEOF{errQr_rec_bag - B$_errors_to_ignore__bag); 

RETURN(error_obj); 

ENDOF DB^Loc Sig_Error_Fit 

INTEBWAL PROGRAMS: 

reduce_bad_DBJoc_sigs(loc_sig_bag , error_rec_set. big_error_threshoId 

confidence_reduction_factor, recent_time) 

/♦ This program reduces the confidence of verified DB loc sigs that are (seemingly) no longer accurate (i.e^ in agreement with 
comparable loc sigs in the OB). If the confidence is reduced low enough, then such loc sigs are removed from the DB. Further, if for a 
DB verified location entity (referencing a colleaion of loc sigs for the same location and time), this emity no longer references any 
valid loc sigs, then it is also removed from the location signature data base 1320. .Mote that the steps herein are also provided in 
flowchart form in Frgs. 16a through 18b. 
Inputs: 
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toe stg bag The loc i\gi to be tested for determining if their confldences shouk) be lowered and/or these loc sigs 
removed.. 

error_rec_set: The set of "error_rea*' providing infonnation as to how much each loc sig in "loc_$ig_bag** 
disagrees with comparable toe sigs in the DB. That is, t/fere han "error rBc"here for each he sig in 
5 "he sig bai\ 

bi g e rror threshold: The error threshold above whkb the errors are considered too big to ignore. 
confidence_reduction_factor The factor by whkh to reduce the confidence of loc sigs. 
recent_ttme: Time period beyond which loc sigs are no longer considered recent 
{ /*get loc sigs from the Location DB tiaving botft big absolute and relative errors 
10 (in comparison to other DB nearby loc sigs) V 

reIativeJy_big_errors_bag <— get •'error_recs" in "error_rec_sel" wherein each "error recerror** has a siie larger than, for 

example, the second standard deviation from the mean (average) of such errors; 
big_errors_bag < — get **error_rec$'' in "relative ly_big_crrors_bag" wherein each **error_rec.error" has a value larger than 
'*big_error_thre$hold"; 

1 5 OB Joc_sigs_w_big_error$ < — get the loc sigs for "error_recs" in ** big_errors_bag" wherein each loc sig gotten here is 

identified by *'error_rec.loc_sig_id"; 
/^get loc sigs from the Location DB that have been recently added or updated V 
recent_loc_sigs < — ^f^/p«'/7{_/7^///i(loc_$ig_bag, recentjime); /♦ Note, the funrtion, "get_recentJoc_sigs" can have 
various embodiments, including determining the recent location signatures by comparing their time stamps (or other time 
20 related measurements) with one or more threshold values for classifying location signatures into a "recent" catego^ 

returned here and an a catego^ for "old" or updatable location signatures. Note that these categories can be determined 
by a (tunable) system time threshold parameter($) for determining a value for the variable, ''recent_time", and/or, by 
data driving this categorization by, e.g., classifying the location signatures according to a standard deviation, such as 
defining the recent" catego^ as those location signatures more recent than a second standard deviation of the 
25 timestamps of the location signatures in *'loc_$ig_bag**. */ 

/* subtract the recent loc sigs from the loc sigs with big errors to get the bad ones 
V 

bad_OB_loc_sigs <— (big^erTOr_DB_loc_$ig$)- (rccEnt_loc_sigs); 
/* lower the confidence of the bad loc sigs V 

30 for each loc_sig [i] in bad_DB_toc_$igs do 

*oc_sig[i] .confidence <--- (loc_sig[i] .confide nee) * (confidence_reduction_factor); 
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/* for each bad loc sig, update It in the DB or remove It from use If Its confidence 
Is too low */ 

/* Now delete any loc jig$ from the DB whose confidences have become too tow. •/ 
for each ioc_sig[i] in bad_DBJoc_$ig$ do 

if (loc_jig[i].confidence < min toe sig confidgnrp) then 

{ 

R£NOYEJR0N_ Z(f/(Ioc_jig[i]); 

/' update composite location objects to reflect a removal of a referenced loc 
slg^j 

verified_loc_entity <- ntrkve_compomjoatm_mkyjiv'm^^zj\i^^^^^ 

I* This gets all other (if any) loc sigs for the composite location objea that were verified at the same time as 
"^oc_sig[i]^ Note, these other loc sigs may not need to be deleted (i.e.. their signal charaaeristics may have a 
high confidence): however. It must be noted in the 08, that for the DB composite location entity having 
"loc_sigIi]", this entity is no longer complete. Thus, this entity may not be useful as, e.g., neuraf net training 
data.*/ 

mark "verified_loc_entity" as incomplete but keep track that a loc sig did exist for the BS associated with "loc_sig[i] 
if (-veriffedJoc_entity»' now references no loc sigs) then y^Wf /^i?yy^ W-/(verified_(oc_entity): 

else DB_apd3t€_entr){\^(iJ\i^)\ //with its new confidence 
} ENDOF reduce_bad_DBJoc__sigs 

increase_confidence_of^ood_DB_loc_5jgs(nearby_loc^sig_bag, error^rec^set, 
small^error^threshold. confidence Jncreasejactor, recent^time); 

/• This program increases the confidence of verified DB loc sigs that are (seemingly) of higher accuracy (i.e. in a^^eement with 
comparable loc sigs in the DB). Note that the steps herein are also provided in fiowchart form in figs. 19a through 19b. 
Inputs: 

loc_sig_bag: The loc sigs to be tested for determining if their confidences should be increased. 
error_rec_set: The set of '*error_rec$'^ providing information as to how much each loc sig in "loc_sig_bag" 
disagrees with comparable loc sigs in the DB. That is, there is an -"error m'^hmfore^chlorii f ln 

smalLerror^threshold: The error threshold below whidi the errors are considered too small to ignore, 
confidence Jncroasejactor The factor by which to increase the confidence of loc sigs. 
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recent_time: Time period beyond which loc sig$ are no tonger considered recent. 
/^get loc sigs from dje Location DB having botfi sma/f absolute and relative errors 
(in comparison to other DB nearby loc sigs) */ 

relat)vely_sinall_errors_l>ag < - get "error_recr in "error_rec_$et'* wherein each "error_rec.error has a size smaller than, for 
5 example, the second standard deviation from the mean (average) of such errors; 

sma!l_erron_bag < - get **error_rec3" in "reiativety smalLerrors^bag'' wherein each "error rec^rror-* has a size smaller than 
*'$in3ll_errorjhreihold"; 

DB_loc_sigs_w_jm3ll__errors < - get the loc sigs for "error_rea" in "smaiLerron bag** wherein each loc sig gotten here is 

identified by **error_rec.loc_$igjKl'*; 
10 /*get loc sigs from the Location DB that have been recently added or updated '/ 

reccnt_loc_sigs g€(_rece/itJoc_slg^hz J\iJs^i, recent jirae); 

/* subtract the recent loc sigs from the loc sigs widt small errors to get the good 
ones */ 

good_DB_loc_sigs <— (small_error_DBJoc_$ig$) . (recentJoc_S!g$); 
15 /*for each good loc sig, update its confidence */ 
for each loc_sig[(] in good_DB_loc_$igs do 
{ 

loc_sig[i].confidence <— ((oc_sig(i] .confide nee) * (confrdencejncreasejactor); 
if(loc_sig[i].confidence > 1.0) then loc_sig[i] <--I.O; 

20 } 

ENDOF increase_good_DB_loc_sig$ 

DATA BASE PROGRAMS FOR DETERMINING THE CONSISTENCY OF LOCATION 
HYPOTHESES WITH VERIFIED LOCATION INFORMATION IN THE LOCATION 
25 SIGNATURE DATA BASE 



LOW LEVEL DATA BASE PROGRAMS FOR LOCATION SIGNATURE DATA BASE 

/♦ The following program compares: (al ) loc sigs that are contained in (or derived from) the loc sigs in "target_loc_sig_bag" with 
(bl) loc sigs computed from verified loc sigs in the location signature data base. That is. each loc sig from (ai) is compared with a 
corresponding loc sig from (bl) to obtain a measurement of the discrepancy between the two loc sigs. In particular, assuming eadi of 
the loc sigs for "target_loc_sig_bag" correspond to the same target HS location, wherein this location is •'targ€t_loc'\ this program 
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determines how well the loc i\gs in "target_loc_jig_bag" fit with a computed or estimated loc sig for the location, **target Joe" 
that is derived from the verified loc sigs in the location signature data base. Thus, this program may be used: (a2) for determining 
how well the loc sigs in the location signature cluster for a target MS ("target__loc_sig_bag") compares with loc sigs derived from 
verified location signatures in the location signature data base, and (b2) for determining how consistent a given colleaion of loc sigs 
("target_loc_sig_bag") from the location signature data base is with other loc sigs in the location signature data base. Note that in 
(b2) each of the one or more loc sigs in **target Joc_sig_bag" have an error computed here that an be used in determining if the 
loc sig is becoming inapplicable for predicting target MS locations Note that the steps herein are also provided in flowchart form in 
Figs. 20a through 20d.*/ 

Determine_Location_Signature_Fit_Errors(target_loc, target Joc^sig^bag, 
search_area. search_criteria, output_criteria) 

/• Input: target Joe: An MS location or a location hypothesis for a particular MS. Note, this can be any of the 
following: 

(a) An MS hcation hypothesis, in which case, the loc sigs in "target_loc_sig_bag" 
are included in a location signature cluster from which this location hypothesis was 
derived. Note that if this location is inaccurate, then "target Joc_$ig_bag** is unlikely to 
be similar to the comparable loc sigs derived from the loc sigs of the location signature 
data base close "target Joe"; or 

(b) A previously verified MS location, in which case, the loc sigs of 
''target_loc_5ig_bag'* are previously verified loc sigs. However* these loc sigs may or 
may not be accurate now. 

target Joc_sig_bag: Measured location signatures ("loc sigs" for short) obtained from the particular MS 
(the data structure here, bag, is an aggregation such as array or list). The location signatures here may be 
verified or unverified. However, it is assumed that there is at least one loc sig in the 
bag. further, it is assumed that there is at most one loc sig per Base 
Station, it is also assumed that the present parameter includes a "type" 
Held indicating whether the loc sigs here have been individually selected, or, 
whether this parameter references an entire (verified) loc sig cluster; le., 
the type field may have a value of: "UNVERIFIED LOC StG CLUSTER" or 
*yERtFIED LOC SIG CLUSTER"; 

scarch_arca: The representation of the geographic area surrounding "target_loc". This parameter is used 
for searching the location Signature data base for verified loc sigs that correspond geographically to the 
location of an MS in "search area"; 
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searcli^crtteria: The criteria used in searching the location signature data base. The criteria may include 
the following: 

(a) '^USEALLLOCSIGSINDB'-. 

(b) -USE ONLY REPEATABLE IOC SIGS". 

(c) -USE ONLY LOC SIGS WITH SIMIUR TIME OF DAY^. 

However, environmental charaaeristia such as: weather, traffic, season are also contemplated. 
output_,criteria: The criteria used in determining the error rKords to output in -error_rec". The criteria 
here may include one of: 

(a) -OUTPUT ALL POSSIBLE ERRORJEO"; 

(b) -OUTPUT ERROR_REa FOR INPUT LOC SIGS OHLr. 

Returns: error_rec: A bag of error records or objects providing an indication of the similarity between each loc sig in 
"target_loc_sig_bag" and an estimated loc sig computed for "target Joe" from stored loc sigs in a surrounding 
area of -target_loc". Thus, each error record/objea in "error_rec" provides a measurement of how well a loc sig 
(t.e.. wireless signal charaaeristics) in "target Joc_sig_bag" (for an associated BS and the MS at "targei_loc'') 
correlates with an estimated loc sig between this BS and MS. Note that the estimated loc sigs are determined using 
verified location signatures in the Location Signature DB. Note, each error record in "error rec" includes: (a) a BS 
ID indicating the base station to which the error record corresponds; and (b) an error measurement ( > = 0). and 
(c) a confidence value (in [0. 1]) indicating the confidence to be placed in the error measurement. Also note that 
since "error_rec*' is an aggregate dau type (which for many aggregate identifiers in this specification are denoted by 
the suffix -_bag** on the identifier), it can be any one of a number data types even though it^s members are accessed 
hereinbelow using array notation */ 

/*get BS's associated with DB loc sigs in "searcit^area^ that satisfy 
"search^criteria" ^/ 

OBJoc_sig_bag <--- /P/'/w?Kf_ w/a^/ijf^j^i(search_area.search_criteri^ 

// get all verified appropriate location signatures residing in the Location Signature dau base. 

//Note. some loc sigs may be blocked from being retrieved. 
OB_BS_bag <"-/e/_^Jj(DBJoc_srgJag);//getall base stations associated with at least one location 

// signature in OB_loc_sig_bag. Note, some of these BSs may be low power "location 

//BSs". 

/*g€t BS's associated with loc sigs in *'target_loc_sig_ bag" */ 

target_BS_bag < - /fr_^J^target Joc_sig_bag); //get all base stations associated with at least one 

//location signature in "target Joc_stg_bag". 
/* determine tlie BS's for which error records are to be computed */ 

ISO 
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case of "output_criteria" including: 

"OUTPUT ALL POSSIBLE ERROR_RECS'-: /* tn thij case, it is desired to determine a collection or error records wherein there is 
an error record for each BS that is associated with a loc sig in **targ€t_loc_$ig_bag" and for each BS associated 
with a loc in the "search_area" satisfying "search_criteria". ♦/ 

BS_t»g <- (DB_BS_bag) union (target_BS_bag); 

"OUTPUT ERRORJECS FOR INPUT LOC SIGS ONLY": 

BS bag <— target BS_bag; 

endQser 

/' for each BS to have an error record computed, make sure there are two loc sigs 
to compare: one loc Sig derived from the "BS_^bag" /oc sig data, and one from 
derived from the loc sigs in the Location Signature DB, wherein both loc sigs are 
associated with the location, "target Joe". */ 

for each BS[i] in"BS_bag"do 

{ r determine two (estimated) loc sigs at "target_loc". one derived from "target_loc_sig_bag- (if possible) and one derived 
from Location Signature DB loc sigs (if possible) */ 
comparison_loc_sig_bag[i] Rtrieve_ yerifiedjoc_sfgsjof{}il[(\, search area, search_criieria): 

/* get all loc sigs for which BS[i] is associated and wherein the veriHed MS location is in 
"search_area" (which surrounds the location "target Joe") and wherein the loc 
sigs satisfy "search_criteria**. */ 
/♦ now determine if there are enough loc sigs in the "comparison_loc_sig_bag" to make 
it worthwhile to try to do a comparison. */ 

if ( (SIZEaF(comparisonJoc_sig_b3g[i])/(S12EOF(search_area)) ) < min_threshold_ratio(area_type(search_area)) ) 
then 

/* It is believed that there is not a dense enough number of verified loc sigs to compute a composite 
loc sig associated with a hypothetical MS at "targetjoc**. ♦/ 
error_rec[i].error <— invalid; 
else /* there are enough loc sigs in "comparisonjoc_sig_bag" to continue, and in 
particular, an estimated loc sig can be derived Irom the he sigs in 
"comparisonJoc_sig^bag'*; however, lirst see if a target foe sig can be 
determined; if so, then make the estimated he sig (denoted 
'*esti'niated_hc_sig[tj") . */ 

{ 
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if (BS[i] ij in tafpt_BS_hag) then 

/• get a loc Jig in "targei_BS_bag- tor BS[i]; a«un» a. mu one toe sig per B$ in 
"iargMjK_jig_bag" •/ 

target_loc_siE[iI <-/« Ar_j/XB$(i], target_loc_srg_bag): 

el« /» BS[i] is not in <'ta,get_BS_l«g". accordingly this implies that we are in the 

process of attempting to output all possible error records for all BS's: (a) 

that have fwno.^ been deteaed in U,e a,«, of "«arch_a™a" (satirfying "«arc(,_criteria"). union, 
(b) that a,, associated with a loc sig in "target_toc_sig_bag". Note, the path here is performed when 
the MS at the location (or "<arget_lor did not detect the BS[i]. but BSfi] has previously been deteaed 
in thU area. */ 

if (targei_loc_sig_bag.type = = "UNVERIFIED LOC SIG CLUSTER") then 

/* an at least determine if the HS for the cluster deteaed the B$[i]; i,e., whether 8S[r] 
was in the set of BS^s deteaed by the MS even though no loc sig was obtained for BSp]. • / 
if (^/_^/;^_^^rffrf(;(targei_loc_sig_bag. BS[i]) ) then /* deteaed but no loc sig V 

ern)r_rec(i].error < invalid; /* can't determine an error if this is all the information 
we have ♦/ 

else /* BS[i] was not detected by the MS at ''targetjoc.location", so the pilot channel for BS[i] was 
in the noise: make an artificial loc sig at the noiseceiling (alternatively, e.g., a mean noise 
value) for the MS location at **targ«_toc" */ 
targct_loc^$igP] < - ^f_mse_ ceiling^^ hc__ J/i(target_loc): 
else: r do nothing: there are no other types for "target_loc_sig_bag.type'' that are currently used when 
outputting alt pouibic error records for BS's */ 
if (crrDr_rec[i].error NOT invalid) then 

/» we have a "target_loc_$ig" for comparing, so get the derived loc sig estimate obtained from the 

verified loc stgs in the location signature data base. ♦/ 
€stimated^loc_sigr.] <- «timate Joc_sig^from_DB(target_loc.location. 

compari$on_[oc_sig_bag[i]) ; 
/• The above call f unaion provides an estimated loc sig for the location of "target_loc*' and BS[i] 
using the verified loc sigs of "comparison_loc_sig_bag[r]'' ♦/ 

} 

/^for each BS whose error record has not been marked "invalid'', both 
''target Joc^sig" and ^'estimated Joc^sig" are now weii-defined; so compute an 
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error record related to the difference between "target^ ioc_sig" and 
"estlmatedjoc^sig", */ 

for each BS[i] in "BS_bag " with error_rfic[r] .error not invalid do determine the error records for these base sutions ♦/ 
{ 

/* Note, the "targetJoc_sig" here is for an MS at or near the focation for the center of area for "targetjoc". */ 
ern)r_rec[i] < — get_difference_nieasurement{target_loc_jig[r]. estimated_loc_$ig[i], 

comparijonJoc_sig_bag[i], $earth_area, 5earth_criteria);/* get a measurement of the differnncE 

between these two loc sigs. */ 
ern}r_rBC.Ioc_sig_id < - target_loc_$ig[i].id: /* this is the loc sig with which this error_rec is associated ♦/ 
error_rec.compari$onjoc_$ig_id_bag <--- comparison Joc_sig_bag[t]; 

} 

RETURN(error_rec); 

ENDOF Determine_Location_Stgnature_Fit Errors 

estfmate_loc_sigJrom_DB(loc_for_estimation, loc_sig_bag) 

/• This function uses the verified loc sigs in "loc_sig_bag" to determine a single estimated (or "typical") loc sig derived from 
the loc sigs in the bag. Note, it is assumed that all loc sigs in the "loc_jig_bag" are associated with the same BS 122 
(denoted the BS associated with the "loc_sig_bag'*) and that the locations associated with these loc sigs art near 
"loc for estimation". Further, note that since the he sigs are verifwd, the associated base station 
was the primary base station when tite loc sig signal measurements were sampled. Thus, the 
measurements are as precise as the infrastruaure allows. Note that the steps herein are also provided in flowchart form in 
Fig. 21. 

input: lDc_for_cstimation A representation of a service area location. 

'°*^_^'g.''3g A collection of verified loc sigs, each associated with the same base station and 

each associated with a service area location presumably relatively near to the 
location represented by "locjor_estimation'*. •/ 
€jt_loc_sig < — extrapolate/interpolate a location signature for the location at "locjor^estimation" based on loc sigs in 
"locsigbag"; 

Note, '*e$t Joc_sig'' includes a location signature and a confidence measure. 
The confidence measure (in the range: [0. 1]) is based on: (a) the number of verified loc sigs in the search area; (b) how 
well they surround the center location of the new_loc, and (c) the confidence faaors of the loc sigs in "loc_sig_bag" (e.g., use 
average confidence value). 
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Note, for the extrapolation/interpolation computation here, there are many such extrapotation/mterpolation methods 
available as on* skilled in the art will appreciate, for example, in one embodiment of an extrapofatbn/interpolation method, 
the folfov/ing steps are contemplated: 

(39.1) Apply any pre-processing constraints that may alterany subsequently computed "estJoc_sig" values derived 
below). For example, if the BS associated with '*loc_sig^bag" is currently inaaive "location BS" (i.e, "aaive" 
meaning the BS is on-line to process location information with an MS. "inactive" meaning the not on-line), then, 
regardless of any values that may be determined hereinbelow. a value or flag is set (for the signal topography 
charaaeristia) indicating **no signaP* with a confidence value of I is provided. Further, additional pre- 
processing may be performed when the BS associated with "loc_sig_bag" is a location BS (LBS) since the 
constraint that a pilot channel from such an LBS is likely to be only detectable within a relatively small distance 
from the BS (e.g., 1 000 ft). For example, if the MS location. "loc_for_estimatiDn", does not intersea the 
radius (or area contour) of such a location BS. then, again , a value or flag is set (for the signal topography 
charaaeristics) indicating "outside of LBS area" with a confidence value of I is provided. Alternatively, if (a) 
a determined area, A. including the MS location, "loc Jor_^cstimation" (which may iuelf be, and likely is. an 
area), interseas (b) the signal detectable area about the loation BS, then (c) the confidence fanor value may 
be dependent on the ratio of the area of the interseaion to the minimum of the siie of the area in which the LBS 
is detectable and the size of the area of -|oc_fo^_estimation^ as one skilled in the art will appreciate. 

further, it is noteworthy that such pre-processing constrainu as performed in this step may be 
provided by a constraint processing expert system, wherein system parameters used by such an expert system 
20 arc tuned using the adaptation engine 1382. 

(39.2) Assuming a value of "no signal" or "outside of LBS area" was not set above (since otherwise no further steps 
are performed here), for each of the coordinates (records), C, of the signal topography charaaeristics in the loc 
sig data struaure, generate a smooth surface. S(C), of minimal contour variation for the set of points { (x,y,i) 
such that {x.y) is a representation of a service area location , and i is a value of C at the location (x,y) for some 
loc sig in "loc_$ig_bag" wherein (x.y) is a point estimate (likely centroid) of the loc sig}. Note that a least 
squares technique, a partial kast squares technique, or averaging on "nearby" (x.y,z) points may be used with 
points from the above set to generate other poinu on the surface S(C). Additionally, note that for at least some 
surfaces characterizing signal energy, the generation process for such a surface may use the radio signal 
attenuation formulas for urban, suburt)an. and rural developed by M. Hata in IEEE Trans, VT-29, pgs, 317-325, 
Aug. 1980, "Empirical formula For Propagation Loss In Und Mobile.Radio" (herein incorporated by reference). 
For example, Hata's formulas may be used in: 

{39J.1) Determining portions of the surfaces S{C) where there is a tow density of verified loc sigs in 

"loc_$ig_bag". In particular, if there is a very low density of verified loc sigs in "loc_$ig_bag" for 
the service area surrounding the location of "locJor_estimation". then by determining the area 
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type{s) (e.g., transmission area type as described hereinabove, assuming a .correspondence between 
the transmission area types and the more coarse grained categorization of : urban, suburban, and 
rural) between this location and the base station associated with "loc_sig_bag^ and applying Hata^s 
corresponding formu!a(5), a signal value z may be estimated according to these type(s) and their 
corresponding af?a extents between the MS and the BS. Note, however, that this option is considered 
tess optimal to using the veriHed loc ligs of "loc_$ig_bag" for determining the values of a surface 
S(C). Accordingly, a lower confidence value may be assigned the resulting composite loc srg (I.e, 
"€$t_loc_$ig") determined in this manner; and relatedly, 
(39.2.2) Determining a surface coordinate (xo,yo,2o) of S(q when there are nearby verified loc sigs in 

*'loc_$ig_bag*'. for example, by using Hata's formulas, an estimated surface value i, at the location 
(xo.yo) may be derived from estimating a value at (^.y^) by adapting Hata's formula's to 
extrapolate/interpolate the value Z; from a nearby location (Xj.yJ having a verified loc sig in 
"loc_$ig_bag". Thus, one or more estimates Z; may be obtained used in deriving Zg as one skilled in 
statistics will appreciate. Note, this technique may be used when there is a moderately low density of 
verified loc sigs in "loc_sig_bag" for the service area surrounding the location of 
"loc_for_estimation". However, since such techniques may be also considered less than optimal to 
using a higher density of verified loc sigs of "loc_sig_bag- for determining the values of a surface S(Q 
via a least squares or partial least square technique, a lower confidence value may be assigned the 
resulting composite loc sig (i.e., "est^loc^sig") determined in this manner. 
Further, recall that the values, z, for each loc sig are obtained from a composite of a plurality of signal 
measurements with an MS, and, thai each value z is the most distina value that stands out above the noise in 
measurements for this coordinate, C So, for example in the CDMA case, for each of the coordinates C 
representing a finger of signal energy from or to some MS at a verified location, ii is believed that S(C) will be a 
smooth surface without undulations that are not intrinsic to the service area near "loc_for_estimation". 
(39J) for each of the coordinates, C. of the signal topography charaaeristia. extrapolate/interpolate a C-coordinate 
value on S{C) for an estimated point location of "loc Jorjstimation". 
further note that to provide more accurate estimates, it is contemplated that Hata's three geographic categories and 
corresponding formulas may be used in a fuzzy logic framework with adaptive mechanisms such as the adapution engine 1382 
(for adaptivefy determining the fuzzy logic classifications). 

Additionally, it is also within the scope of the present invention to use the techniques of 1. E. Vogler as presented in "The 
Attenuation of Elertromagnetic Waves by Multiple Knife Edge Diffraction", US Dept of Commerce, NTIA nos, 81-86 (herein 
incorporated by reference) in the present context for estimating a loc sig between the base station associated with 
''loc_sig_bag'' and the location of "locJor_estimation". ♦/ 
RETl]RN(estJoc_sig) 
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ENDOF estimate_loc_sig^from_DB 



get_area_to_search(loc) 

/• Thu function deternii^s and return, a «p„«nta.bn of a geographk ar^a ato^ 

area hai assoaated NS loations (or an accpabte number {Le.. at least a determined minunal number) of verifed loc sip from the 

teca^on nature data tese. and (b) .be geogniphtal area b not u,o big. However. If there an> not e 

acceptable searth area about "loc". tben thU largest search area i, returned. Note that the steps herein are also provided in 

flowchart form in Figs. 22a through 22b. ♦/ 
{ 

loc_an:a_type < - get^area^ typ^\o,); /*get the area type surrounding -fee"; note this may be 

a vector of fuzzy values associated with a central location of "foe", or. associated with an area having "loc" 
•/ 

search^arca <-getJefau/t^are3__3bout(\:^cy,l* m is the largest area that will be used •/ 
saved_seart:h_area <- search.area; // may need it after -search_area" has been changed 
searth_area_typ8S <-/./_^/.^_(K/^j(searth_area); //e.g.. urban, rural. suburban, mountain. etc. 
loop until RETURN performed: 
{ 

min_accepiable_nbr_Joc_$ig5 0; //initializatfon 
for each area__type in "search_are3_type$" do 
{ 

area percent iet_penxnt_oCarea oi(zmjf^z, search area); 

/* get percentage of area having "area^type" ♦/ 
min_acceptable_nbr_loc_sig5 <-.- min_acceptable_nbr_toc_$igs + 

[(get_min_acceptable_v€rifed Joe jig_densityJor(area type))* 
(SIZEOF($earch_area) * area_pcrcentt / IOO)J; 

} 

/* Now get all verified loc sigs from the location signature data base whose assocraied MS location is in 

"search_area".*/ 
total_nbr Joc^sigs < - get^al!^ Yerified_ 08_ hc_ jy/j(scarch_area): 
if (min_acceptable_nbr_loc_$igs > total_nbr_Ioc_j(gs) 

then /» not enough loc sigs in "search_area"; so return "saved_$carch_area" •/ 

RETURN($ayed_$earch_area); 
else /* there is at (east enough loc sigj. w see if -search_area'' can be decreased */ 
{ saved_$earch_area < — $earch_area; 
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} 

} 

} 

ENDOF get_area_to_search 

r For proceising various types of loc sigs, particular signal processing niters may be required. Accordingly, in one embodiment of 
the present invention, a Titter^bag" object class is provided wherein various filters may be methods of this objea (in object-oriented 
terminology) for transforming loc sig signal data so that it is comparable with other loc sig signal data from, for example, an MS of a 
different classification (e.g., different power classification). It is assumed here that such a "filter_bag" objea includes (or 
references) one or more filler objects that correspond to an input filter (from the Signal filtering Subsystem 1 220) so that, given a 
location signature data object as input to the filter_bag objert„ each such filter objea can output loc sig filtered dau corresponding 
to the filter object's filter. Note, such a filter_bag object may accept raw foe sig data and invoke a corresponding filter on the data. 
Further, a filter bag objea may reference filter objecu having a wide range of filtering capabilities, for example, adjustments to loc 
sig data according to signal strength may be desired for a particular loc sig comparison operator so that the operator can properly 
a)mpare MS's of different power classes against one another. Thus, a filter may be provided that utilizes, for each BS, a 
corresponding signal strength change topography map (automatically generated and updated from the verified loc sigs in the 
location signature data base I32D) yielding signal strength changes detected by the BS for verified MS location's at various distances 
from the BS, in the radio coverage area. Additionally, there may also be filters on raw signal loc sig data such as quality 
charatteristics so that loc sigs having different signal quality charaaeristics may be compared. */ 

get_difference_measurement(target_loc_sig. estimated_loc_sig, 

comparisonJoc_sig_bag, search_area, search^criteria) 

f* Compare two location signatures between a BS and a particular MS location (either a verified or hypothesized location) for 
determining a measure of their difference relative to the variability of the verified location signatures in the 
**comparison_loc_sig_bag'' from the location signature data base 1320. Note, It is assumed that '*targetJoc_sig", 
"estimated Joc^sig" and the loc sigs In "comparison Joc^sig^bag" are all associated with the 
same BS 122. Moreover, it is assumed that "target_loc_sig"and "estimated Joc sig" are well-defined non-NIL loc sigs, and 
additionally, that "compari5onjoc_sig_bag" is non-NIL This f unaion returns an error record, **error_rBc", having an error or 
difference value and a confidence value for the error value. Note, the signal characteristics of **target_loc_sig" and those of 
"estimated_h)c_sig" are not assumed to be normalized as described in seaion (26.1) prior to entering this funaion so that 
variations in signal characteristics resulting from variations in (for example) MS signal processing and generating charaaeristics of 
different types of MS's may be reduced, as described in the discussion of the loc sig data type hereinabove. It is further assumed 
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that typically the input loc sigs satisfy the -sea^ch_criteria^ Note that the steps herein are also provided in flowchart form in Figs. 
23a through 23c 

target,loc_sig: The loc sig to which the '*error_rec'' determined here is to be associated. Note that this loc sig is 
associated with a locatbn denoted hereinbelow as the "particular location". 

estiniatedJoc_sig: The toe sig to compare with the **target Joc_sig^ this loc sig: (a) being for the same MS location as 
"target_loc_sig''. and (b) derived from verified toe sigs in the location signature data base whenever 
possible. However, note that if this loc sig is not derived from the signal charaaeristia of loc sigs in 
the location signature data base, then this parameter provides a loc sig that corresponds to a noise 
level at the particular MS location. 
cofnparison_loc_sig^bag: The universe of loc sigs to use in determining an error measurement between 

"target Joc_sig" and "estimated_loc_sig'* . Note, the loc sigs in this aggregation include all 
loc sigs for the associated Base Station 122 that are in the "$earch_area'' (which surrounds the 
particular MS location for "target Joc_sig") and satisfy the constraints of "search_criteria". 
It is assumed that there are sufficient loc sigs in this aggregation to perform at least a 
minimally effeaive variability measurement in the loc sigs here. 
search_area: A represenution of the geographical area surrounding the particular MS location for all input loc sigs. This 

input is used for determining extra information about the search area in problematic circumstances, 
search^criteria: The criteria used in searching the location signature data base 1320. The criteria may include the 
following: 

(a) "USE All LOC SIGS IN DB'\ 

(b) "USE ONLY REPEATABLE IOC SIGS". 

(c) *^USE ONLY LOC SIGS WITH SIHIUR TIME OF DAY 

However, emrironmental characteristia such as: weather, traffic, season are also contemplated. */ 

error < — 0; // initialization 

/^get identifiers for tiie filters to be used on tfie input loc sigs V 

/• It b assumed here that each entry in "filter_bag" identifies an input filter to be used in the context of determining a 
differeiice measurement between loc sigs. Note, if all toe sigs to be used here are of the same type, then it may be that there is no 
need for filtering here. Accordingly. "f,Iter_bag" can be empty. Alternatively, there may be one or more filter objecu in 
"filter_bag".»/ 
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/* for each fitter, determine a difference measurement and confidence */ 

for each filter_obj indiated in filter_bag do 
{ 

niter "target Joc^sig", "estimated Joc_5ig'' and loe sigs in "comparisonjoe_sig_bag''; 
note, each ffiter^ob/can determine when it needs to be applied since each he sig includes: 
(a) a description of the type (e.g., make and model) of the loc sig's associated MS, and (b) a 
fitter ftagfs) indicating Htterfs) that have been applied to the toe sig. •/ 
target_foc_sig ri!ter_obj(targetjDC_$ig):/* filter at (east the signal topography charaaerijtics •/ 
eKin)ated_loc_sig < - riltcr_obj{e$tiinated_loc_$ig): /» filter at least the signal topography charaaerixtics */ 
comparison_loc_5ig_bag<™ filtcr_obj{comparison_loc_5ig_bag): /♦ Hlter loc sigs here too •/ 

} 

/• determine a difference measurement and confidence for eacfi signai topograpffy 
citaracteristic coordinate */ 

for each signal topography characteristic coordinate, of the loc sig data type do 
{ 

variability^measmLval <"-^{_KJ/»M/)(i^/3y7/f(C,comparijon_Ioc_sig_bag); 

/* This funaion provides a range of the variability of the C-coordinate. In one embodiment this measurement is a 
range corresponding to a standard deviation. However, other variability measurement definitions are contemplated 
such as second, third or fourth standard deviations. */ 

mal<e sure t/tere are enougti variability measurements to determine the 
variability of values for this coordinate. V 

if (SIZEOf (comparison Joc_iig_bag) < expeaed_BS_hc_sii_thnishoi(^vt^xt\i_zxtiL, search_crtteria)) 

then /♦ use the data here, but reduce the confidence in the variability measurement. Note that it is expected 
that this branch b performed only when "comparijon_loc_sig_bag" is minimally big enough to use (since this 
is an assumption for performing this funaion), but not of sufficient size to have full confidence in the values 
obtained. Note, a tunable system parameter may also be incorporated as a coefficient in the compuution in the 
statement immediately below. In particular, such a tunable system parameter may be based on "search area" 
or more particularly, area types interseaing "search_area".*/ 
{ 
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variabifity_m€asmt_conf_reduaion_faaor < — $IZEOP(compariion_loc_$ig_bag)/ 

€xpeasd_ BS_ hc_ sig_ t/i/ps/io^iimhjim, searchcriteria); 

} 

ebe /* There is a sufficient number of loc sigs in "comparison joc_$ig_bag" so continue */ 
{ 

variabirrty_mea$mt_conf__reduaion_factor < — LO; //Le,, don't reduce confidence 

} 

/* NoH' determine the C-coord difference measurement between the 
'*targetJoc_sig^ and ^e *'estimatedJoc_sig" */ 

delta < -. /AJ[target Joc_sig[q - estimated_loc_5ig[q); //get absolute value of the difference 

if (delta > variability_measrat.val) then 

{ 

error < — error + (deltaAariabi!ity_tnea$mt.val); 

} 

}/* end C-coord processing */ 

/* construct die error record and return it */ 

error_rec.crror < error; 

/• Get an average confidence value for the loc sIgs in "comparison_loc_sig_bag" Note, we use 

this as the confidence of each loc sig coordinate befow. V 
average_conndence < — /K£Wff/(loc_iigxonfidence for loc_$ig in **cornparison_loc_sig_bag"); 
error_rec.confidence <— M IN (target Jocjig.confidence,estiniated_loc_sig.conrrdence. (average_confidenc€ * 

variability_measmt_conf_reduaion Jactor)); // presently not used 

RETURN(error_rec); 

ENDOF get_difference_ni8asurement 
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APPENDIX D: Context Adjuster Embodiments 

A description of the high level functions in a first embodiment of the Context Adjuster 
context_adjuster(loc_hypJist) 

5 /• This funaion adjusts the location hypotheses on the list, •'Ioc_hyp_li$t", so that the confidences of the location hypotheses are 
determined more by empirical data than default values from the First Order Models 1224. That is. for each input location hypothesis, 
its confidence (and an MS location area estimate) may be exclusively determined here if there are enough verified location signatures 
available within and/or surrounding the location hypothesis estimate. 

This funaion creates a new list of location hypotheses from the input list, ''loc_hyp_li$t". wherein the location hypotheses on 

10 the new list are modified versions of those on the input list, for each location hypothesis on the input list, one or more corresponding 
location hypotheses wilt be on the output list Such corresponding output location hypotheses will differ frt>m their associated input 
location hypothesis by one or more of the following: (a) the "imagc_area" field (see Fig. 9) may be assigned an area indicative of 
where the target MS is estimated to be, (b) if **image_area" is assigned, then the "confidence" field will be the confidence that the 
target MS is located in the area for "image_area". (c) if there are not sufficient "nearby" verified location signature clusters in the 

1 5 location signature data base to entirely reiy on a computed confidence using such verified location signature clusters, then two 
loation hypotheses (having reduced confidences) will be returned, one having a reduced computed confidence (for **image_area") 
using the verified dusters in the Location Signature OB, and one being substantially the same as the associated input location 
hypothesis except that the confidence (for the field "area^est") is reduced to reflect the confidence in iu paired location hypothesis 
having a computed confidence for "image_area". Note also, in some cases, the location hypotheses on the input list, may have no 

20 change to its confidence or the area to which the confidence applies. Note that the steps herein are also provided in flowchart form in 
Figs. 25a and 25b. 
♦/ 
{ 

new_loc_hypJist Cf^an_new_emp(y_lisi{)\ 
25 for each loc_hyp[i] in locjypjist do /• Note, "i" is a First Order Model 1 224 indicator, indicating the model that output 

"hyp_loc[i]"*7 

{ 

femoYe_ from_ //j/(loc_hyp[i] , loc_hy p_Ii$t); 

if (NOT loc_hyp[i].adjust) then /* no adjustments will be made to the "area_est" or the "confidence" fields since the 

"adjust" field indicates that there is assurance that these other fields are correct; note that such designations 
indicating that no adjustment are presently contemplated are only for the location hypotheses generated by 
the Home Base Station Fint Order Model, the location Base Station First Order Model and the Mobil Base 
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Slaiion fint Order Model. In particular, location hypotheses from the Home Base Station model will have 
confidences of 1 .0 indicating with highest confidence that the target MS is within the area estimate for the 
location hypothesis. Alternativety, in the Location Base Station model, generated location hypotheses may 
have confidences of (substaniially) + 1.0 (indicating tfat the target MS is absolutely in the area for 
"area^est"). or. -I.O (indicating that the target NS is NOT in the area estimate for the generated location 
liypothesis)*/ 

{ I«Jiyp[i] jmage^area < - NULl; // no adjustment, then no "image_area- 

add_to_list{n€w_loc_hyp_list, loc_hyp[i]); //add "loc_hyp[i]" to the new list 

} 

else /• the location hypothesis can (and will) be modified; in particular, an "image_area*^ may be assigned, the 

"confidence-* changed to reflect a confidence in the target MS being in the "image_ar.a". Additionally, in some 
cases, more than one location hypothesis may be generated from *'foc,hyp[iI". See the comments on FIG. 9 and 
the comments for "get_adjusted Joc_hyp_list Jor" for a description of the terms here. •/ 

{ 

temp list get_ad justed Joc_hypjist_for(loc_hyp[i]); 

nev/jocjypjist r(7;77^//7i?_//jrj(newJoc_hypJist. lempjist); 

} 

RETliaN(new_loc_hypJi$t); 
}ENDOF 

get_adiustedJoc_hypJistJor(loc_hyp) 

/• This funaion returns a list (or more generally, an aggregation object) of one or more location hypotheses related to the input 
location hypothesis. "loc_hyp". In particular, the returned location hypotheses on the fist are "adjusted" versions of "Ioc_hyp" in 
that both their target MS M,0 location estimates, and confidence placed in such estimates may be adjusted according to archival MS 
location information in the location signature data base 1320. Note that the steps herein are also provided in flowchart form in Figs. 
26a through 26c. 

RETURNS: loc_hyp_li$t This is a list ol one or more location hypotheses related to the 

input "loc_hyp". Each location hypothesis on "loc Jyp Jist" will typically be 
substantially the same as the input "locjyp" except that there may now be a new target 
MS estimate in the field, "image^area". and/or the confidence value may be changed to 
reflea information of verified location signature clusters in the location signature data 
base. 

Introductory Information Related to the Function, "get,adjusted_loc_hyp^li5tJor" 
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This funaion and funaions called by this function presuppose a framework or paradigm that requires some discussion as well as the 
defining of some terms. Note that some of the terms defined hereinbelow are illustrated in Fig. 24. 

Defrne the term the "the cluster set" to be the set of all MS location point estimates (e.g, the values of the >t_est" field 
of the location hypothesis data type), for the present POM. such that these estimates are within a predetermined corresponding area 
(e.g.. "loc_hyp.pt_covering" being this predetermined corresponding area) and these point estimates have verified location 
signature clusters in the location signature data base. 

Note that the predetermined corresponding area above will be denoted as the "cluster set area". 
Define the term ^-image cluster set" (for a given First Order Model identified by "Ioc_hyp.FOM_ID") to mean the set of 
verified location signature clusters whose MS location point estimates are in "(he cluster set". 

Note that an area containing the "image cluster set" will be denoted as the "image cluster set area" or simply the 
"image area" in some contexts. Further note that the "image cluster set area" will be a "small" area encompassing the "image 
cluster set". In one embodiment, the image cluster set area will be the smallest covering of cells from the mesh for the present FOM 
that covers the convex hull of the image cluster set. Note that preferably, each cell of each mesh for each FOM is substantially 
contained within a single (transmission) area type. 

Thus, the present FOM provides the correspondences or mapping between elements of the cluster set and elements of the image 
cluster set. */ 

{ 

add jo_li$t{loc_hyp_li$t, loc_hyp); /*" note the fields of "loc_hyp" may be changed below, but add "loc Jyp" to the list, 

**loc_hyp Jist here */ 

mesh <- get_ce/imesbJor_nwd€{hzJ;ipmj^)\ /* get the mesh of geographic cells for the First Order Model for this 

location hypothesis.*/ 

pt_min_area <-ier_mw_area_sumttndkg_pi(\Qc \\)^, mesh); /* Get a minimal area about the MS location point. 

"pt_est" of "loc_hyp[i]" indicating a point location of the target MS. Note that either the "pt_est" field must be 
valid or the "a/ea_e$r field of "ioc_hyp[i]" must be valid. If only the latter field is valid, then the centroid of the 
"area_est" field is determined and assigned to the "pt_€st" field in the function called here. Note that the mesh of 
the model may be useful in determining an appropriately sized area. In particular, in one embodiment, if 
"loc_hyp.pt_est" is interior to a cell, Q of the mesh, then "pi_min_area" may correspond to C. Further note that 
in at least one embodiment. "pt_min_area" maybe dependent on the area type\i\x\m which "loc_hyp.pt est" 
resides, since spanely populated flat areas may be provided with larger values for this identifier. Further, this 
function may provide values according to an algorithm allowing periodic tuning or adjusting of the values output, 
via, e.g., a Monte Carlo simulation (more generally, a statistical simulation), a regression or a Genetic Algorithm. 

For the present discussion, assume: (i) a cell mesh per FOM 1224; (ii) each cell is contained in substantially ; 
single (transmission) area type; and (iii) "pt_min_area" represents an area of at least one cell. "^1 

area < — pt_min_area; // initialization 
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pt_max_area <'~g€t_nm_aRa_surwandin^pi(\t^ii_^^^ mesh); /» Get the raaximum area about "pt_est" that is 

deemed worthwhile for examining the bchavbr of the '•Ioc_hyp.FOM_(0- f int Order Model (FOM) about -pt_esi". 
Note that in at least one embodiment, this value o( this identifier may also be dependent on the arpa lyp p within 
which "loc_hyp.pt_est" resides, further, this function may provide values according to an algorithm allowing 
periodic tuning or adjusting of the values output, via. e.g., a Honte Cario simulation (more generally, a statistical 
simulation or regression) or a Genetic Algorithm. In some embodiments of the present invention, the value 
determined here may be a relatively large proportion of the entire radio coverage area region. However, the tuning 
process may be used to shrink this value for (for example) various area types as location signature clusters for 
verified MS location estimates are accumulated in the bcation signature data base. •/ 

("min^clujters") of archived MS estimates. U desired in generating a new target M5 location estimate and a related 
confidence, wherein this minimum number is likely to provide a high probability that this new target MS location 
estimate and a related confidence are meaningful enough to use in subsequent Location Center processing for outpuiiing a 
target MS location estimate. More precisely, th'is minimum number. "min_clustcrs." is an estimate of the archived HS 
location estimates, L, required to provide the above mentioned high probability wherein each L satisfies the following 
conditions: (a) L is in the area for "area"; (b) L is archived in the location signature data base; (c) I has a corresponding 
verified location signature cluster in the location signature data base; and (d) L is generated by the f OM identified by 
*'loc_hyp.FOM_ID"). In one embodiment, "min_cluster5" may be a constant; however, in another it may vary 
according to area type and/or area size (of "area"1 . in some it may also vary according to the FOM indicated by 
20 "locJyp.FOM_IO".*/ 

pt_estjag <---get_pt^esuJorJm3ge_^cfus(er_set(hzJi)i^^^^^ loc_hyp.pt_est,arBa);/* Getthe MS location point 
estimates for this FOM wherein for each such estimate: (a) it corresponds to a verified location signature cluster 
(that may or may not be near its corresponding estimate), and (b) each such MS estimate is in "pt_min_area". * / 
/* Now, if necessary, expand an area initially starting with "pt_min_area" until at least 
25 "inin_clusters" are obtained, or, until the expanded area gets too big. •/ 

while ((sizeof(pt_est_bag) < min clusters) and (sizeof(area) < = pt _max_area) do 
{ area < /y7f/Bj/f(area); 

min_cluster$ < — get_min_nbr_of_ r/ww/j(loc_hyp.FOM_ID. area); // update for new "area" 
pt_ejt_hag < - get_pt_€itsJorJmage__ fto?/^ jf/(loc_hyp.FOM_ID, loc_hyp.pt_e$t, area); 

30 } 

2mch_ /fj(loc_hyp.pt_covering. area); // Make *'area" the "pt^covering- field 

if (srieof(pt_est_bag) = = 0) then /* there aren't any other fOM MS estimates having corresponding verified location 
signature clusten; so designate "loc_hyp" as part of the second set as described above and return. •/ 
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{ 

foc_hypjniage_area <— NULL; // no image area for this loc hyp; this indicates second set 
RETURN(Ioc_hypJist); 

} 

/• It is now assured that "pt.est^bag" is non-empty and "area" is at least the size of a mesh 
cell. •/ 

/• Now determine "image_area» field for "loc_hyp" and a corresponding confidence value 
using the verified location signature clusters corresponding to the MS point estimates of 
"area" (equivalently, in "ptjistjbag"), ♦/ 
/♦ There are various strategies that may be used in determining confidences of the *'image_area" of a location hypothesis. In 
particular, for the MS location estimates (generated by the fOM of loc_hyp.FOM_IO) having corresponding verified location 
signature clusters (that may or may not be in "area"), if the number of such MS location estimates in "area" is deemed 
sufficiently high (i.e.. > = •'min_clusters'' for "area"), then a confidence value can be computed for the "image_area" that 
is prediaive of the target MS being in "imagc^^area^ Accordingly, such a new confidence is used to overwrite any prwious 
confidence value corresponding with the target MS estimate generated by the FOM. Thus, the initial estimate generated by the 
FOM is, in a sense, an index or pointer into the archived location data of the location signature data base for obtaining a new 
target MS location estimate (i.e., "image_area") based on previous verined MS locations and a new confidence value for this 
new estimate. 

Alternatively, if the number of archwed FOM MS estimates that are in "area," wherein each such MS estimate has a 
corresponding verified location signature clusters (in "image_area"), is deemed too small to reliably use for computing a new 
confidence value and consequently ignoring the original target MS location estimate and confidence generated by the FOM, 
then strategies such as the following may be implemented, 

(a) In one embodiment, a determination may be made as to whether there is an alternative area and corresponding 
"image_arca" that is similar to "area" and its corresponding «image_area" (e.g., in area size and type), wherein a 
confidence value for the *1mage_area" of this alternative area can be reliably computed due to there being a sufficient 
number of previous FOM MS estimates in the alternative area that have corresponding verified location signature clusters (in 
the location signature data base). Thus, in this embodiment, the confidence of the akemative "image_area" is assigned as the 
confrdence for the "image^area" for of ''area". 

(b) In another embodiment, the area represented by '•pt_majt_area" may be made substantially identical with the 
MS location service region. So that in many cases, there will be, as "area" increases, eventually be enough MS location 
estimates in the cluster set so that at least "min_clusiers" will be obtained. Note, a drawback here is that *'image_3rea" may 
be in become inordinately large and thus be of little use in determining a meaningful target MS location estimate. 



165 



wo 98/10307 PCTAJS97/15892 

(c) in another embodiment, denoted herein as the two tier strategy, both the original FOM MS location estimate and 
conHdence aj well as the "image_an!a" MS loatbn estrmate and a confidence are used. That b, two location hypotheses are 
provided for the target MS locatbo, one having the FOM MS location estimate and one having the MS location estimate for 
"miage_area". However, the confidences of each of these location hypotheses maybe reduced to reflea the resulting 
5 ambiguity of providing two different location hypotheses derived from the same FOM MS estimate. Thus, the computations for 

determining the confidence of ''image_area may be performed even though there are fess than the minimally required 
archived FOM estimates mtarby to the original FOM target MS estimate. In this embodiment, a weighting(s) may be u«d to 
weight the confidence values ax, for example, by a function of the siie of the "image_cluster_set". For example, if an 
original confidence value from the FOM was 0.76 and "area" contained only two-thirds of the minimally acceptable number, 

1 0 -min_cluster5", then if the computation for a confidence of the corresponding "image area" yielded a new confidence of 

0.43. then a confidence for the original FOM target MS estimate may be computed as [ 0.76 * (1/3)] whereas a confidence for 
the corresponding "image^area" may be computed as [0.43 « (2/3)]. However, it is within the scope of the present invention 
to use other computations for modifying the confidences used here, for example, tunable system coefficients may also be 
applied to the above computed confidencej. Additionally, note that some embodimems may require at least a minimal 

15 number of relevant verified loation signature clusters in the location signature data base before a location hypothesis utilizes 

the "image_area'' as a target MS location estimate. 

Although an importam aspea of the present invention is that it provides increasingly more accurate MS location 
estimates as additional verified location signatures are obtained (i.e.. added to the location signature data base), it may be the 
ase that for some areas there is substantially no pertinent verified location signature clusters in the location signature data 

20 base (e.g., "image_area'* may be undefined). Accordingly, instead of using the original FOM generated location hypotheses in 

the same manner as the location hypotheses having target MS location estimates corresponding to "image_areas" in 
subsequent MS location estimation processing, these two types of location hypotheses may be processed separately. Thus, a 
strategy is provided, wherein two sets of (one or more) MS location estimates may result: 

(i) one set having the location hypotheses with meaningful *'image_areai" as their target MS location 
25 estimates and 

(ii) a second set having the location hypotheses with their confidence values corresponding to the original 
FOM target MS estimates. 

Since the first of these sets is considered, in general, more reliable, the second set may used as a ^tie breaker" for determining 
which of a number of possible MS location estimates determined using the fint set to output by the Location Center. Note, 
30 however , if there are no location hypotheses in the first set, then the second set may be used to output a Locarion Center target 

MS location estimate. Further note that in determining confidences of this second set. the weighting of confidence values as 
described above is contemplated. . 

The steps provided hereinafter reflect a "two tier" strategy as discussed in (c) above. 

♦/ 
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f* The following factor is analogous to tlie 2/3*s faaor discussed in (c) above. */ 
dujter ratio factor <— rnin{($iieof{pt_est_bag) /min_clusters), 1.0}; 

/• Now use "area" to obtain a new target MS location estimate and confidence based on 
archived verified loc sigs. but first determine whether "area" is too big to ignore the original 
target MS location estimate and confidence generated by the FOM , ♦/ 

if (sizeof (area) > pt_max_area) then /* create a loc^hyp that is essentially a duplicate of the originally input "Ioc_hyp" 
except the confidence is lowered by "(1.0 - clu$ter_ratio Jactor)^ Note that the original "locjyp" will have iu 
confidence computed below. */ 

{ new joc^hyp < — dupIicat€(\QtJvf^); If get a copy of the "loc^hyp" 
new_loc_hyp.image_area < - NULL; // no image area for this new loc__hyp 

/• Now modify the confidence of "loc_hyp"; note, in the one embodiment, a system (i.e., tunable) parameter may also be 
used as a coefficient in modifying the confidence here. */ 

newJoc_hypxonfidence <— n€w_loc_hyp.confidence * (1.0 - cluster_ratio_factor) ; 
jo„l«t(loc_hyp_l(st, newJoc_hyp); 

} 

/♦ Now compute the "image^area" field and a confidence that the target MS is in 
"image_area" */ 

image_clu$ter_set <--- get_yerified_hc_sig_dustersJo^i^ijii_^^^^^ Note. this statement gets the verified location 
signature clusters for which the target HS point location estimates (for the first Order Model identified by 
"loc_hyp.f OH^ID") in "pt_est_bag" are approximations. Note that the set of MS location poim estimates 
represented in "pt_est_bag" is defined as a "r/w/f/- jf/' hereinabove.*/ 
image_area < - gei_3rea_ fi^/7/3//7//7^image_cluster_set); /* Note, in obtaining an area here that contains these verified 
location signature clusters, various embodiments are contemplated. In a first embodiment, a (minimal) convex hull 
containing these clusten may be provided here, in a second embodiment, a minimal covering of cells from the mesh 
for the FOM identified by **loc_hyp.FOM_ID** may be used. In a third embodiment, a minimal covering of mesh cells 
may be used to cover the Comdex hull conteining the dusters. It is assumed hereinbelow that the first embodiment is 
used. Note, that this area is also denoted the image duster set are f as is described hereinabove. */ 
5rtSf^__r<£)(loc_hyp.image_area. (mage_area); Make "image_area- the •'image_ar€a" field of "locjyp". */ 
/• In the following step, determine a confidence value for the target MS being in the area for "image^area". • / 
confidence <- confidence_adjuster(loc_hyp.fOM_ID. image area, image_clu5ter_$et); 
/♦ In the following step, reduce the value of confidence if and only if the number of MS point location estimates in 
"pt_e$i_bag** is smaller than "min_cluster$" */ 
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loc_hyp.confidence <— confiderKe * cluster_ratioJaaon 
RETURN(loc__hypJi$t); 

}tNDOF get_adjusted Joc_hyp_list_for 



confidence_adjuster(FOM JD, image^area, lmage__cluster_set) 

/* Thh function returns a confidence value indicative of the target MS 140 being in the area for ^image^area". Note that the 
steps herein are also provided in flowchart iom in Figs. 27a and 27b. 

RETURNS: A confidence value. This is a value indicative of the target MS heing located in the area 
represented by "iniage_area'' (when it is assumed that for the related "loc_hyp." the "cluster set area" is the 
"loc_hyp.pt_covering" and "loc_hyp.FOM JD" is "FOM_ID"); 

Introductory Information Related to the Function, "confide nce^adjuster" 
This function (and functions called by this function) presuppose a framework or paradigm that requires some discussion as well as 
the defining of terms. 

Define the term ^-mapped cluster density" to be the number of the verified location signature dusters in an 
••image cluster set" per unit of area in the "image cluster set area". 

It is believed that the higher the **mapped cluster density^ the greater the confidence can be had that a target MS aauaily 
resides in the "image duster set area" when an estimate for the target HS (by the present f OH) is in the corresponding ^'the 
cluster set". 

Thus, the mapped duster density becomes an important faaor in determining a confidence value for an estimated area of a 
target MS such as, for example, the area represented by "image_area". However, the mapped duster density value requires 
modification before it can be utilized in the confidence calculation. In particular, confidence values must be in the range [-1. 1] 
and a mapped duster density does not have this constraint. Thus, a "relativized mapped cluster density" for an 
estimated HS area is desired, wherein this relativized measurement is in the range [- 1. + 1], and in particular, for positive 
confidences in the range [0. 1]. Accordingly, to alleviate this difficulty, for the FOM define the rerm "prediction mapped 
cluster density" as a mapped duster density value. MCD. for the FOM and image duster set area wherein: 

0) MCD is sufficiently high so that it correlates (at least at a predetermined likelihood threshold level) with the aaual target 

HS location being in the "image cluster set area" when a FOM target MS loation estimate is in the corresponding "cluster 

set area"; 

That is. for a duster set area (e.g.. "loc_hyp.pt_covering") for the present FOM. if the image duster set area: has a mapped 
duster density greater than the "prediaion mapped duster density", then there is a high likelihood of the target MS being in the 
image cluster set area. 
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It is believed that the prediction mapped cluster density will typically be dependent on one or more area types. In 
particular, ii is assumed that for each area type, there is a likely range of prediaion mapped cluster density values that is 
substantially uniform across the area type. Accordingly, as discussed in detail hereinbelow. to calculate a prediction mapped 
cluster density for a particular area type, an estimate is made of the correlation between the mapped duster densities of image 
areas (from cluster set areas) and the likelihood that if a verified MS location: (a) has a corresponding FOM MS estimate in the 
cluster set, and (b) is also in the particular area type, then the verified MS location is also in the image area. 

Thus, if an area is within a single area type, then such a "relativized mapped duster density" measurement for the area 
may be obtained by dividing the mapped cluster density by the prediction mapped duster density and taking the smaller of: the 
resulting ratio and 1.0 as the value for the relativized mapped duster density. 

In some (perhaps most) cases, however, an area {e.g., an image duster set area) may have ponions in a number of area 
types. Accordingly, a "composite prediction mapped cluster density" may be computed, wherein, a weighted 
sum is computed of the prediction mapped duster densities for the portions of the area that is in each of the area types. Tliat is, 
the weighting, for each of the single area type prediaion mapped duster densities, is the frartion of the total area that this area 
type is. Thus, a "relativized composite mapped cluster density" 'or the area here may also be computed by 
dividing the mapped duster density by the composite prediction mapped duster density and taking the smaller of: the resulting 
ratio and 1.0 as the value for the relativized composite mapped duster density. 

Accordingly, note that as such a relativized (composite) mapped duster density for an image cluster set area 
increases/decreases, it is assumed that the confidence of the target MS being in the image duster set area should 
increase/decrease, respeaively. ♦/ 

{ 

prediaion_mapped_duster_den$ity < — 

get_composite_prediction_mapped_cluster_density_with_high_certainty 

(fOM_ID. image_area); 

/* The funaion invoked above provides a "composite prediction cluster density" (i.e., dusters per unit area) that is 
used in determining the confidence that the target MS is in-^image-areaVThat is,-the composiie-prediaion mapped 
duster density value provided here is: high enough so that for a computed mapped duster density greater than or equal 
to the composite prediction duster density , and the target MS FOM estimate is in the "duster set area", there is a high 
expectation that the aaoal target MS location is in the "image duster set area" . */ 
max_area < iet_im_an3jor_li^h_ceft3mt){m_\\i, image_area); /• Get an area size value wherein it is highly 
likely that for an area of size. "inax_area*', surrounding "image_area". the aaual target MS is located therein. Note, 
that one skilled in the art will upon contemplation be able to derive various embodiments of this function, some 
embodiments being similar to the steps described for embodying the function, 

''gei_compo$ite_prediaion_mapped_dujter_den$ity_with Jigh_cenainty" invoked above; i.e.. performing a Monte 
Carlo simulation. *7 
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/♦ Given the above two valuej. a posmyeK.omtm value for the area, «iinage_area", can be calculated based on empirical 
data. 

There are various embodiments that may be used to determine a confidence for the "image_a^ea^ In general, such a 
confidence should vary monotonicaily with (a) and (b) below; that is. the confidence should increase (decrease) with: 

(a) an increase (decrease) in the size of the area. pankubrfyW the arta is deemed close or relevant to the location of 
the target MS; and 

(b) an increase (decrease) in die size of the image cluster set (i.e^ the number of verified location signature clusters in 
the area that each have a location estimate, from the FOM identified by OM_ID*'. in the "duster set" 
corresponding to the •'image__cluster_$et;" e^.. the "cluster set" being a "(oc_hyp.pt_covering"). 

As one skilled in the art will understand, there are many f unrtions for providing confidences that vary monotonicaily 
with (a) and(b) above. In particular, for the cluster set area being "loc_hyp4)t_covcring\ one might be inclined to use the 
(area) size of the image cluster area as the value for (a), and the (cardinality) size of the image cluster set as the value for 
(b). Then, the foltowing term might be considered for computing the confidence: 

(5izeof(image cluster set area) * (sizeof(image cluster set)) which, in the present context, is equal to 
^ 5 (sueof ("image_area") ♦ (sizeof ("imag€_clu$ter_set")). 

However, since confidences are intended to be in the range [-1.1], a normalization is also desirable for the values 
corresponding to (a) and (b). Accordingly, in one embodiment, instead of using the above values for (a) and (b). ratios are 
used. That is. assuming for a "relevant* area. A (e.g., including an image cluster set area of "(oc_hyp.pt_covering") that 
there is a very high confidence that the target MS is in A, the following term may be used in pUce of the term. 
20 sizeof("image_area"). above: 

min { [sizeof("image_area") / sizeof(A)], I.O }. [CAM] 
Additionally, for the condition (b) above, a similar normafiiation may be provided. Accordingly, to provide this 
normalization, note that the term. 

(siz€of(image_area) * prediction_mapped_cIuster_density) {CAIJ.l] 
is analogous to sizeof(A) in [CAM]. That is, the expression of [CALM] gives a threshold for the number of verified location 
signature clusters that are likely to be needed in order to have a high confidence or likelihood that the target MS is in the 
area represented by "image_area". Thus, the following term may be used fonhe condition (b): 
min {(sizeof(image_cluster_set)/ 

[(sizeof(image_area) * prediction_mapped_cluster_den$ity]. 1.0} 

As an aside, note that 

sizeof(image_clusier_set) /[sizeof(image_area) * prediction_mapped_clusier density] 
is equivalent to 

[sizeof(image_clusier_sct) / sizeof (imagearea)] / (prediaion_mapped_cluster_den$ity) 
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and this latter term may be interpreted a$ the ratio of: (i) the mapped cluster density for "image_area" to (ii) an 
approximation of a duster density providing a high expectation that the target MS is contained in "image_arBa". 

Note that the produa of [CAM] and [CAI.2] provide the above desired charaaeristics for calculating the confidence. 
However, there is no guarantee that the range of resulting values from such producu is consistent with the interpretation 
that has been placed on (positive) confidence values; e.g., that a confidence of near LO has a ve^ high likelihood that the 
target MS is in the corresponding area. For example, it can be that this product rarely is greater than 0.8, even in the areas 
of highest confidence. Accordingly, a **tuning" funaion is contemplated which provides an additbnal faaor for adjusting of 
the confidence. This factor is. for example, a function of the area types and the size of each area type in "image_area" . 
Moreover, such a tuning function may be dependent on a "tuning coefficient'' per area type. Thus, one such tuning function 
may be: 



number of area typu 



min(S [tCi * si2eof(area type; in "image_area")/s'«oM"'"iage_area'')], 1.0) 



i=l 



Where tCj is a tuning coefficiem (determined in background or off-line processing; e.g.. by a Genetic Algorithm or Monte Car o 
simulation or regression) for the area type indexed by T. 

Note that it is within the scope of the present invention, that other tuning functions may also be used whose values may 
be dependent on. for example, Monte Carlo techniques or Genetic Algorithms. 

It U interesting to note that in the product of [Ql.t] and [ai.2]. the "imagc_area*' size cancels out. This appears to 
conflia with the description above of a desirable confidence calculation. However, the resulting (typical) computed value: 

[srzcof(image_clu5ter_sei)] / [max area * prediaion_mapped_cluster_density] [CAI3] 
is strongly dependent on •*image_area" since "image_cluster_set" is derived from "image_area" and 
"prediction_mapped_clusterJen$ity" also depends on "image_area". Accordingly, it can be said that the product [CAL3] 
above for the confidence does not depend on "raw** area size, but rather depends on a "relevant" area for locating the target 
MS. 

An embodiment of the confidence computation follows: 

*/ 

area_ratio <— min((sizeof(image_area) /max_area), 1.0); 
cluster_den$ity_ratio < — 

min( (($izeof(image_cluster_$«t) / [$i2eof(image__area) » (prediction_m2pped_clu$ter_density)]), 1.0 ); 
tunable_conjtant < - get_confidence_tuning_constani{mii^_zm)\ //as discussed in the comment above 
confidence {tunab!e_constant) * (area_ratio) * (cluster_density_ratio); //This is in the range [0, 1] 
RETURN(confidence); 
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get_compositejrediction_mapped_cluster_density_with_high_^certam 
5 (FOM JD, image_area); 

/• The present funaion determines a composite prediction mapped duster density by determining a composite prediction 
mapped duster density for the area represented by -image_area- and for the First Order Model identified by "FOM_ID", The 
steps herein are also provided in flowchan form in Rg. 28. 

OUTPUT: compositc_mapped_density This is a record for the composite prediaion 
*^ mapped duster density. In particular, there are with two fields: 

(i) a "value" field giving an approximation to the predirtion mapped duster density for the first 
Order Model having id, fOM_ID; 

(ti) a "reliability" field giving an indication as to the reliability of the "value" field. The reliability 
field is in the range [0, 1] wHh 0 indicating that the "value" field is worthless and the larger the 
value the more assurance can be put in "value" with maximal assurance indicated when "reliability" 
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is I*/ 



{ 



/» Determine a fradion of the area of "image_area" contained in each area type (if there is only one. e,g, dense urban or 
a particular transmission area type as discussed in the detailed description hereinabove, then there would be a fraaion 
having a value of I for this area type and a value of zero for all othen). */ 
compo5ite_mapped_density < — 0; // initialization 

for each area jype inierserting "image__area" do // "area_type" may be taken from a list of area types . 
{ /* determine a weighting for "area_type'' as a fraaion of its area in "image area" */ 
intenertion <— /i;/;?/j«7((magc_area, j/P5_/i)/(area_type)); 
25 weighting < — sizeof{inier$ertion) / sizeof(area Jmage); 

/* Now compute a prediction duster density that highly correlates with predicting a location of the target MS for this 
area type. Then provide this cluster density as a factor of a weighted sum of the prediaion cluster densities of each 
of the area types, wherein the weight for a particular area type's prediaion duster density is the fraoion of the total 
area of "image_area" that is designated this particular area type. Note that the following funaion call does not 
utilize information regarding the location of "^image^arBa". Accordingly, this funaion may access a precomputed 
table giving predication mapped cluster densities for (fOH_ID, area_type) pairs. However, in alternative 
embodiments of the present imrention, the prediaion mapped cluster densities may be computed spedfically for the 
area of "image_area" intersea "area_type''. */ 
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prediaion_mapped_d€njity <- get_prediction_mapped_cluster_densityJor(FOM_ID, area_type); 
compojite_mapped_denxity <— compo$fte_mapped_denjity + 

( weighting * prediction mapped density); 

} 

RETU RM(composite_mapped_d ensity); 
}ENDOF get_compositejrediction_^iTiapped_cluster_density_with_high_certainty 

get_predictjon_mapped_cluster_densityJor(FOM_ID, area^type) 
/•The present funaion determines an approximation to a prediction mapped cluster density. D, for 
an area type such that if an image cluster set area has a mapped cluster density > = D, 
then there is a high expectation that the Urget MS 140 is in the image cluster set area. Note 
that there are a number of embodiments that may be utilized for this function. The steps herein are aUo provided in flowchart 
form in figs. 29a through 29h. 

OUTPUT: prediction^mapped^cluster^density This is a value giving an approximation to the 

prediction mapped cluster density for the f irst Order Model having identity, "f OM^ID", and for the area type 
represented by "area_type** */ 
Introductory Information Related to the Function, 
"get_predication_mapped_cluster_density_for" 

It is important to note that the computation here for the prediaion mapped cluster density may be more intense than 
some other computations but the cluster densities computed here need not be performed in real time 
target MS location processing. That is, the steps of this function may be performed only periodically (e.g.. once a week), for each 
FOM and each area type thereby precomputing the output for this funaion. Accordingly, the values obtained here may be stored in 
a table that is accessed during real time target MS location processing. However, for simplicity, only the periodically performed 
steps are presented here. However, one skilled in the art will understand that with sufficiently fast computational devices, some 
related variations of this function may be performed in real-time. In particular, instead of supplying area type as an input to this 
function, a particular area. A, may be provided such as the image area for a cluster set area, or, the portion of such an image area in 
a particular area type. Accordingly, wherever "area__type^ is used in a statement of the embodiment of this function below, a 
comparable statement with "A'* can be provided. 
{ 

mesh < - get_mesh^ /<^/(FOH_ID); /* get the mesh for this first Order Model; preferably each cell of "mesh" is substamially 
in a single area type. */ 
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max_nbr_iimulaiions < - g€t_hont9_ Carh_simuktm_„b!{\^)\Ji^ area_type); /• Thtj function outputs a valuE of the 

maximum number of simulations to perform for estimating the prediaion mapped cluster 
density. Note that the output here may always be the same value such as 100. */ 
nbr_$imulation$__performed < — 0; //initialization 

while (nbr_simulation$_performed < = max_nbr_simulations) do // determine a value for the "average mapped cluster 
density** and a likelihood of thb value being prediaive of an MS location. */ 

{ 

r^presentative_ceILduster_set<».^/_/P;7/F^^^^ 

of this funaion should provide a different set of cell clusters from a covering from -mesh** of an (sub)area of 
type. "area_type'*. There should ideally be at least enough substantially different sets of representative cell 
clusten so that there is a distina sets of cell clusters for each simulation number, j. Further note that, in one 
embodlmem. each of the "representative cell cluster sets" (as used here) may include at least a determined 
proportion of the number of cells distributed over the area type. Moreover,_each cell cluster (within a 
representative cell cluster set) satisfies the following: 

A. The cell cluster is a minimal covering (from "mesh") of a non-empty area, A. of type "area_type" fA" 
being referred to herein as the associated area for the cell cluster); 

B. The cells of the cluster form a connected area; note this is not absolutely nece$sa7; however, it is preferrcd 
that the associated area "A" of Vea_type** covered by the cell cluster have a "smair boundary with other 
area types since the -^image^areas" computed below will be less likely to include la^e areas of other area 

20 types than "area_type;" 

C. There is at least a predetermined minimal number (> = I) of verified location signature clusten from the 
location signature data base whose krations are in the associated area "A". 

D. The cell cluster has no cell in common with any other cell cluster output as an entry in 
"representattve_c€ll_cluster_set" . */ 

if (representative_cell_ciu$ter_set is NULL) then /* another representative colleaion of cell clusters could not be found; so 
cease further simulation processing here, calculate return values and return ♦/ 
break; // jump out of "simulation loop" 
else /* there is another representative colleaion of cell clusters to use as a simulation ♦/ 
{ 

for each cell cluster, C. in -represcntative_cell_clu$len" do /* determine an approximation to the predirtiveness of the 
mappings between: (a) cluster set areas wherein each cluster set area is an area around a (F0M_ID) FOM 
estimate thai has its corresponding verified location in "C.*' and (b) the corresponding image areas for 
these cluster set areas. Note, the location signature data base includes at least one (and preferably more) 
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loQtion signature clusters having verified locations in each cell cluster C as per ihe comment at (C) above. 
*/ 

{ random Jist <— randomfy_5elM_veriried_MSj6csJii^\l* select one or more verified MS 

locations from C.*/ 
mapped_density_$um < — 0; // initialization 

for each verified loatlon. *'rand_verif_loc'', in "random Jist" do /* Let X denote the MS 140 estimate by the 

present FOM of the verified location signature duster of "rand_verif_loc"; let a(X) denote 
the duster set obtained from the duster set area (i.e.. pt_area) surrounding X; this loop 
determines whether the associated image area for the set CS{X) - X, (i.e., the image ar^a for 
CS(X) without '*rand_verif_loc") includes **rand_verif_loc"; i.e.» try to predia the location 
area of "rand_verif_loc*'. */ 

{ loc_est <"-/f/^/?r^fj(_^/(rand_verifJoc. FOM_ID);/* get the FOM MS location 
estimate for an MS aaually located at *rand_vcrif Joe". •/ 
clu5ter_$et < — getJoc^ests surround'm^^tjM, mesh); /* expand about "loc_est" until a minimal 
number of other location estimates from this FOM are obtained that are different from 
"loc_est''. or until a maximum area is reached. Note, "duiter set** could be empty, but 
hopefully not. Also note that in one embodiment of the function here, the following f unaions 
may be invoked: "get_niin_an!a_suiTounding,- "get_max_area_surrounding" and 
**get_min_nbr_of_clusten'' (as in *'get_adju$ted_Ioc_hyp_list Jor", the second function 
of Appendix D): */ 

image_set <-"/f(_//7«/^_(?4du$ter_set);/» **image_set" could be empty, but hopefully not */ 
image_area getjmage_2re3{\mi^_^%i)\ /* get convex hull of "image_set". Note, "image_area" 

could be an empty area, but hopefully not. */ 
if (rand_vcrif_loc is in rmage_area) 

then /* this is one indication that the mapped cluster density: (sizeof(image_set]/image_area) is 
sufficiently high to be prediaive */ 
prediaions <— predictions + I; 
if (image_set is not empty) then 
{ 

density < — $i2eof(image_set) / sizcof(image_area); /* Get an approximation to the mapped cluster 
density that resuhs from "image_$et" and "rmage_area.'* Note, that there is no 
guarantee that "image_area" is entirely within the area type of "area^type." Also 
note, it b assumed that as this mapped cluster density increases, it is more likely that 
**mdm_verif Joe" is in "image^area**. */ 
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mapped Jen$ity_sum mapped_density_sum + density; 

} 

} /• end loop for prtdiaing loation of a random MS verified loation in cell cluster C •/ 
totaLpossibte^prediaions <~ si2eof(randomjist)://0ne prediction pereiementon list, 
/* Now get Bvemge mapped density for the cell cluster C. */ 
avg_mapped_demity(q < - mapped_density_jum / total_possible_predirtions; 
/* Now get the prediction probability for the cell cluster C •/ 
prediaion j)robability[q < prediaions / total_possible_predrctions; 
} /• end loop over ceil clusters C in "representative_cell_clusten" */ 
nbr_$imulations_performed nbr__simulation$_performed + I; 
}//end else 

/* It would be nice to use the set of pairs (avg_mapped Jensity[q. prediction_probabiIity[q) for extrapolating a mapped 
density value for the area type that gives a ve^ high prediaion probability. However, due to the potentially smalt 
number of verified MS locations in many cells (and cell clusters), the prediaion probabilities may provide a very small 
number of distina values such as: 0. 1/2. and I . Thus, by averaging these pairs over the cell clusters of 
"reprB$entative_ceil_clusters". the coarseness of the prediaion probabilities may be accounted for. V 

avg_mapped_clujter_density (nbr_$iraulation$_performcd] < — 

ayi_ of_ af}_ mapped^ </f/7j/jrtfj(avg_mapped_den$rty); 

avg_prediaion_probability [nbr_$imulation$_perfonned] < — 

3yi_o^_cefi_pred^ctm_p^ob3bifk^^^l^^^^^^ 

} /* end simulation loop */ 

/* Mow determine a measure as to how reliable the simulation was. Note that ^'reliability" computed in the next statement is in 
the range [0. 1]. •/ 

reliability < — nbr_simulations_performed / max_nbr_simutations; 

if (reliability < 5ystem_denned_epsilon) then /* simulation too unreliable; so use a default high value for 

**prediaion_mapped_clujter_density" */ 
prediaion_mapp€d_cluster_den$ity < - get_defautt_high_density_value Jor(arca_type): 
else r simulation appears to be sufficiently reliable to use the entries of **avg_mapped_cluster_density'^ and 
''avg^prediaionjjrobability" */ 

{ 

/• A more easily discernible pattern between mapped cluster density and prediaion probability may be provided by the set 
of pairs: 

S = { (avg_mapped_cluster_demity[j]. avg_predia,on_probabilityO])}. so that a mapped cluster density value 
having a high prediaion probability (e.g. 0.95) may be extrapolated in the next statement However, if it is 
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determined (in the function) that the set S does not extrapolate well (due to for example all ordered pain of S being 
clustered in a rclativcty small region), then a "NULL" value is returned. */ 
prediaion_mapped_clusterJen$ity <--. y7w/;/vy f/z/j^^^ 

avg_prediction_probability, 0.95); 
if((prediaion_mapped_clu$ter_density = = NULL) then 

/• set this value to a default ^'high" valup for the present area type*/ 

prediction_mapped_clu$ter^density<™getJcfaultJighJeraity_^valufiJor(area_type); 
else // So both "prediaion_mapped_cluster Jensity" and it's reliability are minimally OK. 

/• Now take the "reliability" of the "prediction_mapped_clusterJensity" into account. Accordingly, as the 
reliability (/ecfB^sesthan the prediaion mapped cluster density should be mcrp^sed Hov/ever. there is a system 
defmed upper limit on the value to which the prediaion mapped cluster density may be increased. The next 
statement is one embodiment that takes all this into account. Of course other embodiments are also possible. 
V 

prediaion_mapped_cIuster_density<— 

min {(prediction_mapped_cluster_density / reliability). 

gct_defauIt_highJen$ity_value_for(area_type)}; 
} //end else for simulation appearing reliable 

RnU(lN(predirtion_mapped_cluster_den$ity); 

}ENDOFget_prediction_mapped_cluster_d€nsity_for 
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A Second Embodiment of the Context Adjuster. 

Note that in this jecond emtodiment of the Context Adjuster, it uses various heuristics to increirant/decremem the conftdence 
value of the location hypotheses coming from the f im Order Models. These heuristics are impiemented using fuuy mathematics, wherein 
linguistic fuiiy -if-ihen" rutes embody the heuristics. That is. each fuzzy rule indudes terms in both the "if and the "then" portions ttet are 
substantially described using natural language — fike terms to denote various parameter value dassificatbm related to. but not equivalent to, 
probabifity density funaions. further note that the Context Adjuster and/or tiK FOff s may be calibrated using the location information 
from LBSs (tx, fixed loation BS transceivers), via the Loation Base Station Hodel since such LBS's have v/eil known and accurate 
predetermined locations. 

Regarding the heuristics of the present embodiment of the tomext adjuster, the following is an example of a fuzzy rule that might 
appear in this embodiment of the Context Adjuster 



If < the season is Fall > then < the confidence level of Distance Model b increased by S% 



>. 



In the above sample rule. "Distance Model" denotes a First Order Model utilized by the presem invention- To apply this sample rule, 
the fuzzy system rweds a concrete definition of the term "f aH" In traditional expcn systems, the term Fall would be described by a particular 
set of months, for example, September through November, in which traditional set theory is applied. In traditional set theo^. an ent'rty. in this 
case a date, is either in a setor it b not in a set, e.g. its degree of membership in a set h either 0. indicating that the entity b not in a partkufar 
set, or I. indicating that the em'rty is in the seL However, the traditional set theory cmptoyed in expert systems does not lend hself well to 
entities that fall on set boundaries. For example, a traditional expert system could take dramatically different aabns for a date of August SI 
than it could for a date of September I because August 3 1 might belong to the set "Summer" while the date September 1 might belong to the set 
"fair Thb b not a desirable behavior sime it b extremely difricuh if not impossible w determine such lines of demarcation so accurately. 
However, fuzzy mathematics altows for the possibtfity of an emrty belongmg to muhiple sets with varying degrees of confidence ranging from a 
minimum value of 0 fmdicating that the confidence the entity belongs to the particular set b minimum) to I (indicating that the confidence the 
entity betongs to the particular set b maximum). The "fuzzy boundaries" between the various sets are described by fuzzy membership 
funcdons which provide a membership function value for each value on the emire range of a variable. As a consequence of altowing entities to 
betong to muKipie sets simultaneously, the fucy rule base might have more than one rule that is applicable for any situation. Thus, the actions 
prescribed by the mdivtdual rules are averaged via a weighting scheme where each rule b implenttnted in proportion to its minimum 
confidence. For further infonnation regarding such fuzzy heuristio, the foltowing references are incorporated herein by reference: (McNeil and 
Freiberger, 1993; Cox, 1994; Klir and Folger, 1999; Zimmerman, 1991). 

Thus, the rules defined in the fuzzy rule base in conjunction with the membership functions allow the heuristics for adjusting 
confidence values to be represented m a linguistic form more readily understood by humans than many other heuristic representations and 
thereby making it easier to maintain and modify the rules. The f uziy rule base with its membership funaions an be thought of as an extension 
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to a traditional expert system. Thus, since traditional expert systems are siibsec of fuizy systems, an alternative to a fuzzy rule base is a 
traditioral expert system, and it is implicit that anywhere in the description of the current invention that a fuzzy rule base can be replaced with 
an expert system. 

Also, these heuristics may evoh^e overtime by employing adaptive mechanisms including, but not fimited to, genetic algorithrm to 
adjust or tune variom system values in accordance with past exfttriencesand^^ 

accuracy of the adjustmems made to tobn hypothesis confidence values, for example, in the sample nile presemed above: 

If <the season b Fall> then <the confidence level of Distance Model is increased by 5%> 
an adaptive mechanism or optimization routine an be used to adjust the percent increase in the confidence level of the Distance flodeL For 
example, by accessing the MS Status tepository, a genetic algo^^^ 
the tocatfonhypotheses are consistemwithamajority of the verified MS to^^^ 

algorithm to improve its performance over time. For further information regarding such adaptive mechanisms, the following references are 
incorporated herein by reference: (Goldberg. 1989; Holbnd, 1975). for further information regartlingthe tuning of fuzzy systems using such 
adaptive mechanisms, the following references are incorporated herein by reference: (Karr, 1991a, 1991b). 

In one embodiment, the Context Adjuster alters the confidence values of location hypotheses according to one or more of the following 
environmental faaors: (I) the type of region (e.g., dense urban, urban, rural, etc), (2) the month of the year, 
operational status of base stations (e.g.. on-line or off-line), as well as other environmental factors that may substamially impaa die 
confidence placed in a location hypothesis. Note that in this embodimem, each environmental factor has an associated set of linguistic 
heuristiaand associated membership functions that prescribe changes to be made to the confidence values of the input location liypotheses. 

The context adjuster begins by receiving location hypotheses and associated confidence levels from the First Order Models. The Comext 
Adjuster takes this information and improves and refines it based on environmental information using the modules described below. 

B.I COA Calculation Module 

As mentioned above each location hypothesis provides an approximation to the MS position in the form of a geometric shape and an 
associated confidence value, a. The COA calculation module determines a center of area (COA) for each of the geometric shapes, if such a COA is 
not already provided in a loation hypothesis. The COA Calculation Module receives the following information fromeach first Onfer Model: (I) 
ageomeiricalshapeand(2)anas$ociatedconfidencevalue.a. The COA calculation is made using traditional geometric computations 
(mrmerical algorithms are readily available). Thus, following this step, each loatbn hypothesis indudesa COA as a single poim that is 
assumed to represent the most fikely approximation of the location of the MS. The COA Calculation Module passes the following infomiation to 
the fuzzification module: (I) a geometrical shape associated with each first order model 1224. (2) an as^ 
assodated COA. 



B*2 Fuzzrfication Module 
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A fuaJfradon module nxBtm the folbwii^ informaiion from the COA Calculation Module: (I ) a geometrtal shape associated with each 
First Order Hode^2) an associated confKier^ value, and (3) an ass^ 

membenhip function value (fj) foreachof the M location hypotheses received from the COA alculation module (where the mdividual modeU 
aiBideiitifBd with aniindex) for each of theNeRvirt)nmemalfaaors^^^^^^^ 
5 the COA Calculation Module, the Fuurotion Module reciives informacbn from the Location Center Supervisor. The fuiiification modufe uses 
current environniemal informatbn such as the currcm time of day, month of year, and iirfomiation about the base stations on-fine for 
communicating with the MS assocated with a location hypothesis currently being processed (this information may include, but is not limited to, 
the number of base stations of a given type, e.g.. location base sta^^ 

in an area about the COA for a location hypothesis). The base station coverage information is used to compute a percentage of base stations 
1 0 reporting for each location hypothesis. 

The fuuifration b achieved in the traditional fashion using fuzzy membership functions for each environroemal factor as, for example, is 
described in the folbwing references incorporated herein by reference: (Mc«eaaraJ Freiberger, 1993; CoxJ994; Klirand Folger, 1999; 
ZimnwrmanJ99I). 

Usir^ the geographial area types for illustration purposes here, the following procedure might be used in the FuzziTiation Module. Each 
vahK of COA for a location hypothesis is used to compute membership function values (m) for each of five types of areas: (I) dense urban 
(^fw). (2) urban OUu), P) suburban (/ij, (4) niral plain i/j^f), and (5) rural moumains ip^. These membership function values provkie 
the mechanism for representing degrees of membership in the area types, these area types being determined from an area map that has been 
sectioned off. In accordant with f uizy theo^, there may be geographical locatiom that include, for example, both dense urban and urban 
areas; dense urban ami rural plane areas; dense urban, urban, and rural plane areas, etc Thus for a paiticular MS location area estimate 
(described by a COA). it may be both dense urban and urban at the same time. The resolution of any apparem conflia in appDcable rufes is 
later resohred in the Defuzzification Module using the fuzzy membership funaion values (p) computed in the Fuzzrfotion Module. 

Any particular value of a COA can land in more than one area type. Forexample, the COA may be in both dense urban and urban, further, in 
some cases a loation hypothesis for a particular First Onlcr Model i may have membership f unaions /Jou'. f^M, A^hp . and wherein they 
all potentially have non-zero values. Additbnally, each geographical area is contoured. Note that the membership funrtion contour? allow for 
one distinct value of membership function to be determined for each COA location (i^-. there will be distina values of /l/u,'. fJu\^l fjfj, and 
/iw' for any single COA value associated with a particular model i). For example, the COA would have a dense urban membership function 
valiffi,Mou'. equal to Oi. Similar contours would be used to compute values of fJu^^M, and Pr„1 

Thus, for each COA, there now exists an array or series of membership function values; there are K membership funaion values (K = number 
of descriptive terms for the specified emrironmenial factor) for each of M First Onler Models. Each COA calculation has associated with it a 
30 definitive value for ^oo*. fJu>^M, and A^mi' Taken collectively, the H location Irypotiieses with membenhip funaion vahies for the K 
descriptive terms for the particular environmemal faoor resulu in a membenhip funaion value matrix. Additbnally. similar membership 
funaion values are computed for each of the N environmental faaors. thereby resulting in a correspoixling membenhip funaion value matrix 
for each of the N environmental factors. 



20 



25 



180 



wo 98/10307 PCT/US97/15892 
The Fmziftation Module paxscj the N membership function vahie matrices described above to the Rule Base Module along with ali of the 
information it originally received from the COA Calculation Module. 
B3 Rule Base Module 

The Rule Base Module receives from the Fuzziftcation Module the following information: (I) a geometrical shape associated with each Vm 
Order Model, (2) an associated confidence value. (3) an associated COA, and (4) N membership function value matrices. The Rule Base Module 
uses this information in a manner consistent with t)rpical fuzzy niie bases to determine a set of active orapplicabte rules. Sample rules were 
provided in the general discussion of the Context Adjuster. Additionally, references have been suppfed that describe the necessary 
computations. Suffice it to say that the Rule Base Modules cmptoy the information provided by the Fuzzificatbn Module to compute confidence 
value adjustments for each of the m location hypotheses. Associated with each conftdence value adjustment is a minimum membership 
function value contained in the membership function matrices computed in the Fuzziftcation Module. 

For each location hypothesis, a simple inference engine driving the rule base queries the performance database to determine how well the 
location hypotheses for the First Order Model providing the currem location hypothesis has perfomted in the past (for a geographic area 
surrounding the MS loQtion estimate of tfie current location hypothesis) under the prescm environmental conditions. For example, the 
performance database is consulted to determine how well this particular First Order Model has performed in the past in locating an MS for the 
given time of day. month of year» and area type. Note that the performance value is a value between 0 and I wherein a value of vindicates 
that the model is a poor performer, while a value of I indicates that the model is always (or substantially always) accurate in determining an 
MS location under the conditions (and in the area) being considered. These perfomiance values are used to compute values that are attached to 
the current conPidence of the current location hypothesis: ije. these performance values serve as the "then" sides of the fuzzy rules; the First 
Order Models that have been effedive in the past have their confidence leveb incremented by large amounU while First Order Models that have 
been ineffective in the past have their confidence levels incremented by small amounts. This information is received from the Performance 
Database in the form of an environmental factor, a First Order Model number, and a performance value. Accordingly, an intermediate value for 
the adjustment of the confidence value for the currem location liypothesis is computed for each emrironmentai conditbn (used by Context 
Adjuster) based on the performance value retrieved from the Performance Database. Each of these intermediate adjustment values are 
computed according to the following equation which is appFicable to area information: 



adjustmentj' = Daj' = performance_valuej * DaKQON' 



whert a is the confidence value of a particular location hypothesk, performance_value is the value obtained from the Performance Database, 
DaftEootj is a system parameter that accounts for how important the information is being considered by the context adjuster. Furthermore, 
this parameter is initially provided by an operator in, for example, a system start-up configuratbn and a reasonable value for this parameter is 
befeved to be in the range 0.05 to 0.1. the subscript j represents a particular environmemal factor,and ti)e superscript i represents a particular 
Firjt Order Model However, it is an important aspea of the presem invention that this value an be repeatedly altered by an adaptive 
mechanism such as a genetic algorithm for improving the MS location accuracy of the presem invemion. In this way, and beause the rules are 
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Vimen" using current peiformana Wonration as stored in the Perfonnance Database, tic Hole Nodule b dynamic and btconies moie 
accurate with time. 

The Rub Base Module passes the matrix of adjustmenu to the Defuzzifitation Module abng with the membenhip funabn value matrices 
received from the Funirotion Module. 
B.6 Defuzzification Module 

The Defuzzifitation Module receives the matrix of adjustmenoand the membenhipfunaiDn value matritssfmm the Rule Base Module. The 
final adjustment to the Pta Order Model confidence values as computed by the Context Adjuster is computed according to: 



AaW = ^=^5 



such as. b« not limited to. time of day, month of year, and base station coverage, there are a number of system start-up configuration 
parameren that can be adjusted fa. attempts to improve system performana:. These adjustments are. in effect, adjustments computed 
depending on the prevtous performance values of each model undersimilarcDrnTitionjas being currently considered. These adjustments are 
summedand forwarded tothebbtkboanJ. Thus, the &.mextAdjmter passes the following infonnaiion to the blackboari: adjustments in 
confidence values for each of the fim Order Modeb based on emrimmnental factors and COA values associated with each lootion hypothesis. 
Sumimiy 

The Context Adjusterusesenvironmemal factor information and past perfontanceinfomiato^ 
adjustments to the current confidence values. It retrieves information Iromthenrjt Order M^^^^ 

Performance Database, and computes adjusumnts to the confrience values, further, the Context Adjustererapbys a genetic algorithm to 
improve the accuracy of hs calcuhtbns. The algorithm for the Context Adjuster b included in algorithm BE.B bebw: 
Algorithm BE.B: Pseudocode for the Context Adjuster. 
Context_Adiuster (geometries, alpha) 

/• Thb pmgram implemena the Context Adjuster. It rectives from d« fira Order Hodeh geometricareas contamed in a data struaure called 
geometries, and associated confdencevaluescnntained in an array called alpha. The program used env-™^^ 

miproved numerical values of the a>nridence valueUt places the improved values in the array calM 
the process. 

•/ 

// pscudo code for the Context Adjuster 

// assume input from each of i modeb includes a 

// geographical area described by a number of poinu 
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//and a confidence value a!pha(i). alpha is such 
//that if it is 0.0 then the model is absolutely 
// sure that the MS is not In the prescribed area; 
// if it is 1.0 then the model is absolutely 
// sure that the MS is in the prescribed aiea. 

// calculate the center of area for each of the $ model areas 
fori = I to number_of_models 
calculate center of area //termed coa(i) from here on out 

//extract information from the "outside worid"or the environment 

find time_of_day 

find month_of_jear 

find number_of_BS_available 

find number_of_BS_reparting 

//calculate percent^coverage of base stations 

pencent_coverage - 100.0 « (number_of JS_reporting / number_of_BS_avaiIable) 

//use these i = 4 environmental factors to compute adjustments to the i confidence values 
//associated with the i models - alphafij 
fori = 1 to number_of_model5 //loop on the number of models 
forj = f tonumber_env_factBrs //bop on the number of emfironmentalfacton 
fork = I tonumber_ofJuzzy_cIas$e$ //loopon the number of classes 

// used for each of the environmental 

//factors 

//calculate mu values based on membership function delinitions 

cakulatemu(i.j,k) values 

//go to the performance database and extract current performance information for each of the i 

//models, in the k hazy classes, for the / environmental factors 
fetch performance(i.j,k) 



//calculate the actual values for the right hand sides of the fuzzy rules 

delta_alpha(ij,k) = performancefij.k) * deha_alpha_max(j) 
// deha_alpha_max(j) is a maximum amount each environmemal 
// factor can after the confidence value; it is eventually 
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//compute a wetted average; this is traditional fuzry mathematics 

delia_alpha{ij.k) - sum[mu(ij.k)*delta_alphaf,jj()/sum[mu(ij.k)] 

end bop on k // number of fuzzy dajsei 

// compute ffnai deita^aJpha values 

delta_alpha(i) = Jum[delta_a!plQ(i,j)] 

end loop on j // number of environmentaJ factors 
alpha(i) + = deita_alpha(i) 
end k)op on i //number of models 

// send alpha values to blackboard 

send delta_alpha(i) to blackboard 

//see if it is time to interact with a genetic algorithm 
'rf (injwogrcjs) 

then continue to calculate alpha adjustments 
else 

all the genetic algorithm to adjust alpha_max parameters and mu f unctbns 
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APPENDIX E: Historical Data Confidence Adjuster Program 

Histoncal_data_conftdence_adjuster(loc_hyp) 

/* This funaion adjusts ttic confidence of location hypothesis, "loc_hyp". according to how well its locatton signature duster fiu with verified 
bation signature dusters in the toation signature data base. */ 

{ 

mesh < iet_ msh_ /ir/(loc_hypiOH_ID); // eadi POM has a mesh of the Locatron Center service area 

pertinem target MS estimate in "{oc_hyp*'. ♦/ 
tota]_per_unit_cm)r < 0; // initialization 

for each cell. C, of "covering" do /* determine an error measurement between the location signature cluster of "loc_hyp" and 

the verified location signature clusters in the cell */ 

{ 

cemioid <--/p/_r(p/7/'/Kffl(C); 

error_obj <-- DB_Uc_Sig_Error_Fit(centraid, C, loc_hypJoc_jig_du$ter, **USE ALL L0CSIG5 IN 

/* The above function call computes an error object, "error_obj'*, providing a 
measure of how similar the location signature cluster for "loc_hyp" is with the verified 
location signature dusters in the location signature data base, wherein the verified 
location signature dusters are in the area represented by the cell, C See APPENDIX C 
for details of this function.*/ 
total_per_unit_error < — total_per_Lnit_error + [error_obj.error* error_obj.confidence /sizeof(C)]; 

/• The above statement computes an "error per unit of cell area" term as: 
[error^objxrror * error_objxonfidence /5i2eof(q], wherein the error is the term: 
error_obj^rror * error_obj.confidcnce. Subsequently, this error per unit of cell 
area term accumulated in "total_relatrve_error*' •/ 

} 

avg_per_unit_error < - total _p8r_unit_error / nbr_cells_in(me$h); 

/* Now get a tunable constant, "lunable_constant", that has been determined by the Adaptation Engine 1382 

(shown in Figs. S. 6 and 8). wherein "tunable_constant" may have been adapted to environmental charaoeristia */ 
tunable constant < /f r_ tuneab!e_ conmm_ /&/(**Historical_Location_Reasoner", locjyp); 

/* Now decrement the confidence value of "loc_hyp" by an error amount that is scaled by "tunable^constant" 

*/ 

I8S 
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Ioc_hyp.a)nfidence <- locjypxonftdence - (avg_per_unri_error * $i2eof(covering) * tunabIe_consiant]; 
RETURN(Ioc_hyp); 

}EN0Of Historical_data_confidence_adjuster 
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What is claimed is: 

I . A method for locating wireless mobile stations using wireless signal measurements of wireless signals transmitted between said 
wireless mobile stations and a network of base stations, wherein said base stations in the network are cooperatively linked for 
providing wireless communications with said wireless mobile stations, comprising: 

providing a plurality of mobile station location estimators, wherein said location estimaton provide location estimates of jaid 
mobile stations when said location estimators are supplied with location information derived from wireless signal meaiurements of 
wireless signals transmitted between said mobile stations and the network of base stations: 

generating, by a first and a second of said location estimators, respeaively, first and second different initial location estimates 
of a particular one of said wireless mobile stations, using location information derived from wireless signal measurements of wireless 
signals transmitted between said particular mobile station and the network of base stations; 

determining: 

(a) first conf kience data for a first location hypothesis of said particular mobile station, wherein: 

(i) said fint location hypothesis provides one of: said fini initial location estimate from said first location 

estimator, and a first successive loation estimate of said particular mobile station, said first successive 
loation estimate derived using said first initial location estimate, and 

(ii) said first confidence dau is indicative of a likelihood of said particular mobile station being at a location 

represented by said first location hypothesis; and 

(b) second confidence data for a second location hypothesis of said particular mobile station, wherein: 

(i) said second tocation hypothesis provides one of: said second initial location estimate from said second 

location estimator, and a second successive location estimate of said particular mobile station, said 
second suaessive location estimate derived using said second initial location estimate, and 

(ii) said first confidence data is indicative of a likelihood of sakf particular mobile station being at a location 

represented by said fint location hypothesis; 
deriving a most likelihood location estimate of said particular mobile station, said most likely location estimate being 
dependent on each of: said location estimates of said first and second location hypotheses, and, values of said first and second 
confidence data. 

I A method as claimed in Qaim I, wherein said wireless signal measurements are from wireless signals communicated between said 
particular mobile sution and said network of base stations using an identical communication standard as used when said network of 
base stations provide wireless communications with said particular mobile station for a purpose different from estimating a tocation 
of said particular mobile station. 

3. A method as claimed in Claim 2. wherein said different purpose is one of: providing voice communication, and providing visual 
communication. 

4. A method as claimed in Claim 2, wherein said communication standard is for one of CDMA and TDMA. 
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5. A method as claimed in Oaim I, wherein said wiretess signal meajuremtnts are from wireless signab communicated between said 
particular mobile station and said network of base stations using an communication protocol for providing wireless voice 
communications between said network of base stations and said particolar mobile station. 

6. A method as claimed in Claim I. wherein said wireless signal neasurements of wireless signals communicated between said 
particular mobile station and said network of base sutioni are included in measurements apable of being determined for voice 
communication with said particular mobile statnn. 

7. A method as claimed in Claim I. wherein said wireless signal measurements include at least one of: (a) a measoremem of a signal 
strength of wireless signals detected by said particular mobile station ami transmitted by one of said base stations, and (b) a 
measurement of a signal time delay of wireless signaU detected by said particular mobile station and transmitted by one of said base 
Stations. 

8. A method as claimed in Oaim I. wherein said step ol providing includes: 

transmitting through a telecommunications network, said first location estimator from a source site to a site having said 
second location estimator; 

operably integrating said first location estimator with said secomi bcatbn estimator for performing said steps of determining 
and deriving. 

9. A method as claimed in Claim 8, wherein said step of transmitting includes sending an encoding of said first location estimator 
using the Internet. 

10. A method as claimed in Claim I . wherein said step of determining includes retrieving historical location data related to said firet 
initial location estimate and said second initial bation estimate, wherein said historical bcation data includes: 

(al) location estimates by said first loation estimator for some of said mobSe stations at a first pluiafity of locations, and 

dau identifying said locations of said first plurality of bcations; 
(bl) location estimates by s;.id second locatbn estimator (or some of said mobile stations at a second pluraiit/ of locations, 
and data idemifying said locatbns of said second plurality of bcations; 
wherein said first successive location estimate is determined using said historical location data of (al). and said successive estimate is 
determined using said historical bcation data of (bl). 

11 . A method as claimed in Claim I . wherein said step of determining includes first selecting a first set of one or more location 
estimates of said mobile stations also output by said first location estimator, wherein said one or more location estimates are 
determined according to, at least, a proximity of said om; or more bcation estimares to said first in'itial bcation estimate. 

12. A method as claimed in Qaim II . wherein said step of first selecting includes selecting said first set according to a f unaion of a 
distance between said first initial location estimate and at least one of said bcation estimates of said first set. 

13. A method as claimed in Claim II. wherein each bcation estimate of said first set of location estimates has corresponding location 
data identKying a location of one of said mobile stations for which said location estimate estimates the mobile station's teatbn, 
wherein the ideniified location has been verified. 
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M. A method as claimed in Claim 1 1» wherein said step of determining includes first obtaining a first collection of one or more 
previously identified locations, wherein each said previously identified location: 

(a) has a corresponding location estimate in said first set, said corresponding location estimate being for a corresponding one 

of said plurality of mobile stations, and 

(b) is approximately a loation of the corresponding mobile station when said location information, derived from wireless 

signal measurements of transmissions between the corresponding mobile station and said network, was initially 
provided to said first loation estimator for outputting said corresponding location estimate. 

15. A method as claimed in Claim 14. wherein said step of determining includes fim calculating said first success'ive location estimate 
of said particular mobile station from said fint initial location estimate using said one or more previously identified locations. 

16. A method as claimed in Claim 15. wherein said step of fint calculating includes determining said first successive location 
estimate as a function of a convex hull of said one or more previously identified locations. 

17. A method as claimed in Qalm 15. wherein said step of determining includes first computing a first value of said first confidence 
data for said particular mobile station being at a location represented by said first successive location estimate, wherein said first 
value is a funrtion of at least one of: (a) a value related to a density of said one or more previously identified locations for said first 
successive location estimate, and (b) a value related to a size of an area for said first successive location estimate. 

18. A method as claimed in Claim 17. wherein for said second successive location estimate the following steps are performed: 

(a) second selecting a second set of one or more location estimates of said mobile stations output by said second location 

estimator . wherein said location estimates of said second set are determined according to, at least, a proximity of said 
location estimates in said second set to said second initial location estimate; 

(b) second obtaining a second colleaion of one or more previously identified locations, each said previously identified locatbn: 

(i) having a corresponding location estimate in said second set for a corresponding one of said plurality of mobile 
stations, (ii) is approximately a location of the corresponding mobile station when said location information, derived 
from wireless signal measurements of transmissions between the corresponding mobile station and said network, was 
initially provided to said second location estimator for outputting said corresponding location estimate; 

(c) second calculating said second successive estimate of said particular mobile station, wherein said second successive 

estimate is a funaion of said one or more previously known locations of said second colleaion; and 

(d) second computing a second value of said second confidence data for said particular mobile station being at a location 

represented by said second successive location estimate, wherein said second value is a function of at least one of: (a) a 
value related to a density of said one or more previously identified locations of said second colleaion, and (b) a value 
related to a size of said second successive location estimate. 

19. A method as claimed in Claim II. wherein said first confidence data includes a data field for a value indicative of said particular 
mobile station being in an area, wherein said area is determined as a function of said first set of location estimates. 

20. A method as claimed in Claim I . wherein said first confidence data includes a data field for a value Indicative of said particular 
mobile station not being in an area represented by said first location hypothesis. 
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21. A method as cbiimd in Oaiin I. whtreii. said fira and second initBl location estimates are derived using location information 
obtained from a common collection of wireless signal measurements of wirelesj signals transmitted between said particular mobile 
Station and the network of base stations. 

22. A method as claimed in Oaim I. wherein said step of generating ir^ludes first computing said first initial location estimate using 
said location information obtained from a first colleaion of said wireless signal measurements, and second computing said second 
initial location estimate using said location information obtained from a second collection of said wireless signal measurements 
different from said first collection. 

23. A method as claimed in Claim 22. wherein said first colleaion of said wireless signal measur^mems are for wireless signals 
transmitted between said particubr mobile station and the network of base stations in a first time interval, and said second colleaion 
of said wireless signal measuremenu are for wireless signals transmitted between said panicular mobile station and the network of 
base stations in a second time interval, wherein said fiat time interval precedes said second time interval. 

24. A method as daimed in Claim 23, wherein said step of determining includes extrapolating said first successive location estimate 
using said first initial location estimate so that said first successive location estimate is expected to be for a time period 
approximately identical to said second time intervaL 

25. A method as claimed in Claim I. further including: 

performing a first simulation for predicting a likelihood of said particular mobile station being at a loation represented by 
said first location hypothesis, wherein said simulation uses associated pairs of location representations, a first member of each pair 
including a location estimate obtained from said first location estimator and a second member of the pair including a representation 
of an actual location of one of said mobile stations for which said first member is a location estimate; 

wherein said step of determining uses a result from said step of performing for determining said first confidence data. 

26. A method as claimed in Claim 25, further including: 

performing a second simulation for predicting a likelihood of said particular mobile statbn being at a location represented 
by said second location hypothesis, wherein said simulation uses associated pairs of location representations, a first member of each 
pair including a location estimate obtained from said second location estimator and a second member of the pair including a 
representation of an aaual location of one of said mobite stetions for which said fint member is a location estimate; 

wherein said step of determining uses a result from said step of performing for determining said second confidence data. 

27. A method as claimed in Claim 25. wherein said fint simulation u performed at a time outside of a time interval for performing the 
steps of generating, determining, and deriving. 

28. A method as claimed in Oaim 25, wherein said first simulation includes a statistical simulation. 

29. A method as claimed in Claim 25, wherein said fint simubtnn includes a Honte Carlo simulation. 

30. A method as claimed in Claim I. wherein at least said first and second loation estimators each utitite a different one of the 
following: 

(a) a pattern recognition location estimator for estimating a bcation of said particular mobile station by recognizing a 
pattern of charaaeristics of said location information; 
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(b) a trainabfe loation estimator for estimating a location of said particular mobile station by training sard trainable 

estimator to learn an association between each location of a plurality of geographial locations and corresponding 
instances of said location information related to the wireless signal measurements of wireless transmissions with one 
of said mobile stations at the location; 

(c) 3 triangulation location estimator for estimating a location of said particular mobile station by triangulating on 

measurements of said location information, wherein said measurements are determined from the wireless signal 
measurements of wireless transmissions between said particular mobile station and at least three of the base 
stations of said network; 

(d) a statistial location estimator for estimating a location of said particular mobile station by applying a statistical 

regression technique; 

(e) a mobile base station estimator for estimating a location of said particular mobile station from location information 

received from a mobile base station detecting wireless transmissions of particular first mobile station; 

(f) a coverage area location estimator for estimating a location of said particular mobile station by interseaing wireless 

coverage areas corresponding to each of a plurality of the base stations of said network; 

(g) a negative logic location estimator for estimating where said particular mobile station is unlikely to be iocated. 

3 1. A method as claimed in Claim I, wherein at least said fint location estimator includes one of the following: 

(a) an artificial neural network for generating said first initial location estimate by training said artificial neural network 

to recognize a pattern of characteristics of said location information associated with a location from where said 
particular mobile station is transmitting; 

(b) a distance estimator for generating said first initial location estimate by determining one or more distances between 

said particular mobile stetion and the base stations, wherein signal timing measurements, obtained from said 
wireless signal measurements of wireless transmissions between said particular mobile station and one or more base 
stations of said network, are used for determining said one or more distances; 

(c) a statistical estimator for generating said fim initial location estimate by applying to said location information one of 

the following statistical techniques: principle decomposition, least squares, partial least squares, and Bollenger Bands. 

32. A method as claimed in Claim 31. wherein said second location estimator includes a different one of said artificial neural network, 
said distance estimator, and said statistical estimator for generating said second initial location estimate. 

33. A method as claimed in Qaim 3 1 8» wherein said distance estimator estimates the location of said particular mobile station by one 
of: a signal time of arrival and a signal time difference of arrival. 

34. A method as claimed in Claim I. wherein said first location estimator includes an artificial neural network, wherein said artificial 
neural network is one of: a multilayer perceptron. an adaptive resonance theory model, and radial basis funaion network. 

35. A location system as cUimed in Claim I. wherein said first location estimator includes an artificial neural network with input 
neurons for receiving tecation information data related to wireless signal time delay measurements of signal strength for wireless 
transmissions between said particular mobile station and a first colieaion of base stations from said network. 
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36. A method as cUimed in Claini 35, wherein for each baw nation in said fim collection, said wireless transmissions between the 
base station and said particular mobile station are detected by one of: the base station and said particular nrabile Jtatton. 

37. A method as claimed in Claim I, wherein said first estimator includes an artificial neural network with input neurons for receiving 
data related to wireless transmijsions between said particular mobile station and a set of orje or more of sakf base stations, wherein 

5 for each base station in said set. there is at least one said input neuron for rKeiving one or more values indicative of at least one of 
the following conditbns: 

(a) the base station is aaive for wireless communication with said particular mobile station and a pilot signal by the base 

sution is deteaed by the particular mobile station; 

(b) the base station is aaive for wireless communication with said particular mobile station and the base station deteca 
^0 wireless transmiisions by said particular mobile station; 

(c) the base station is aaive for wireless communication with said particular mobile station and the base station does not 

detea wireless transmissrans by said particular mobile station; 

(d) the base station is aaive for wireless communication with said particular mobile station and said particular mobile 

station does not detea wireless transmissions by the base station; 
(«) ^he base station is not aaive for wireless communication with said particular mobile station. 

38. A method ax claimed in Claim I . wherein said first and second location estimators are different artificial neural networks. 

39. A method as claimed in Claim 38. wherein said first location estimator receives wireless signal time delay measurements of signal 
strength for wireless transmissions between said particular mobile station and a first colleaion of base stations from said network, 
and said second location estimator receives wireless signal time delay measurements of signal strength for wireless transmissions 

20 between said particular mobile station and a different second colleaion of base stations from said network wireless signal 
measurements. 

40. A method as claimed in Claim I. wherein said step of deriving includes combining values of said first and second confidence data 
when said first and second location hypotheses have location estimates of said particular mobile station that overlap. 

41. A method as claimed in Claim I. wherein said step of deriving includes combining the values related to: (a) a first likelihood 
25 measurement, of said first confidence data, for said particular mobile sution being at a location represented by the first location 

hypothesis, and (b) a second likefihood measurement, of said second confidence data, for said particular mobile station being at a 
location represented by the second location hypothesis. 

42. A method as claimed in Claim 4 1 , wherein said step of deriving includes: 

determining one or more jubareas of a wireless coverage area containing loation estimates of said first and second location 
30 hypotheses; 

determining, wlwn said first and second tocation hypotheses have bcation estimates that overlap in a first of said subareas. a 
third likelihood measurement for substantially all of said first subarea, wherein said third likelihood measurement is a funaion of 
said fint and second likelihood measurements. 
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43. A method as claimed in Claim 42, wherein said funaion includes an addition of terms having said first and second likelihood 
measurements. 

44. A method as claimed in Claim I, wherein said step of deriving includes 0, of said first confidence data, for said particular mobile 
station being at a location represented by the first location hypothesis; 

wherein said step of fuzzifying performs a fonrtion for distributing a decreased value of said first likelihood measurement to 
locations outside of a location estimate for said first location hypothesis, 

45. A method as claimed in Qaim 44, wherein said funaion includes a sigmoid term. 

46. A method as claimed in Claim I, further including an expert system for aaivating said frrst location estimator for outputting said 
first initial location estimate. 

47. A method as claimed in Claim 46, wherein said first location estimator is aaivated by one of: an antecedent of an expert system 
rule, and a consequent of an expert system rule. 

48. A method as claimed in Claim I , further including a step of determining whether to modify one of: said first location hypothesis, 
and said first confidence data according to at least one of: 

(a) an expected maximum velocity of said first mobile station; 

(b) an expected maximum acceleration of said first mobile station; 

(c) a prediaed location of said first mobile station; 

(d) an expected wireless signal characteristic of an area containing said first location hypothesis; and 

(e) an expected vehicle route. 

49. A method as claimed in Claim 48, wherein said step of determining whether to modify includes aaivating one of an expert system, 
a fuzzy rule inferencing system and a blackboard daemon. 

50. A method as claimed in Claim I . further including a step of storing historical mobile station location data for access during said 
step of determining, wherein said step of storing includes the following substeps: 

(a) storing, for each location of a plurality of mobile station locations, a corresponding colleaion of wireless signal 

measurements of wireless signals transmitted between one of said mobile stations and the base stations of said 
network, wherein said one mobile station resides substantially at said location when said wireless signals are 
transmitted; 

(b) storing, for each location of said plurality of mobile station locations, a airresponding set of location estimates, wherein 

for each of said mobile station tocation estimaton and each said set of location estimates, there is a location estimate 
of said set that is generated by said mobile station location estimator; and 
(b) storing, for each of said stored tocation estimates, orresponding identification data for identifying a corresponding 
particular one of said locations of said plurality of mobile station locations, wherein said corresponding identification 
data accurately identifies said particular loation. 

51. A method as claimed in Claim 50, wherein for at least a fint of said corresponding colleoions of wireless signal measurements, 
there is an associated confidence value used for indicating a consistency of the corresponding colleaion with other of said 
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corresponding colleaions whose corresponding particular locatians m within a determined proximity to the corresponding particular 
location for said first corresponding colleaion. 

52. A method as cbimed in Ctaim 5 1 further indoding a step of danging aid associattd confidence ralue when there is a deviation 
between said fint corresponding collection deviates and said other corresponding colleaions by more than predetemined amount, 
wherein said deviation is determined using a statistical measurement of deviation. 

53. A method as daimed in Claim 52. wherein said statistical measurement of deviation includes a standard deviation measuremenL 

54. A method as daimed in Claira 52 further induding a means for prohibiting said frnt corresponding colleaion from use in said step 
of determining when said associated confidence value is ouuide of a predetermined range. 

55. A location system for receiving measu«ments of wireless signals transmitted between a plurality mobile stations and a network of 
base stations, wherein said base station, in the network are cooperatively linked for providing wireless communicatioB. the 
improvement charaaerized by: 

a plurality of different bcation estimators (or estimating fecations of said mobile stations, such that when said location 
estimators are supplied with said measurements of wireless signals uansmhted between one of the mobile stations and said network 
of base stations, said location estimators output correspomling initial location estimates of a geographical tocation of sakl one mobile 
Station: 

an archive for storing a plurality of data item colleaions, wherein for ead. loation of a plurality geographical locations, there 
is one of said data item collections having: 

(al) a representation of the geographical location, 

(a2) a set of said wireless signal measurements corresponding to one of said mobile stations transmitting from 

approiimately the geographical location 
(a3) for each location estimator of said plurality of locatbn estimaton, a corresponding initial location estimate 

generated when said set of said wireless signal measurements is supplied to said location estimator; 
a means for construaing, for each of said loation estimaton. corresponding prediaion measurements indicative of an historical 
accuracy of said loation estimator, wherein for each said prediaion measurement, there is: 

(bl) a corresponding seleaed group of said data item colleaions used in determining said prediaion measurement. 
(b2) a colleaion of mappings, wherein eadi said mapping is an assodation between: (i) one of said corresponding 

mobile station initial location estimates generated by sakl kiation estimator using said wireless measuremenu of 

one of said data item colleaions in said seleaed group, and (ii) the geograpbial bcation of the data item 

colleaion; 

a means for determining, for an kientried one of said mobile stations, a plurality of loation hypotheses, wherein for ead. said 
location hypothesis: 

(c!) said location hypothesis has a location estimate of said identified mobile station derived using at least one initial 
location estimate, wherein said initial location estimate is generated by one of said plurality of location 
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estimators, said one location estimator being supplied with signal measurements of wireless signal transmissions 
between said identiffed mobile station and said network of base stations. 
{c2) said loation hypothesis has a confidence value used for indicting a likelihood of said identiOed mobile station 
being at a loation represented by said locatton estimate for said tocation hypothesis, wherein one of said 
prediction measurements is used in determining said confidence value; 
a most likely mobile station location estimator for determining a most likely location estimate of said identified mobile station, 
said most likely location estimate being derived using location estimates and confidence values from location hypotheses of said 
plurality of said location hypotheses. 

56. A method as claimed in Oaim 55. wherein said measurements are for wireless signals transmitted in a wireless signal protocol for 
voice communication between said identified mobile station and said network of base stations. 

57. A location system as claimed in Oaim 55. wherein said means for construrting includes means for performing a mobile station 
location simulation using said stored data item colleaions for determining said prediction measurements. 

58. A location system as claimed in Oaim 55, wherein said means for determining includes a means for deriving the location estimate 
of one of said location hypotheses using a time series of loation estimates for said identified mobile station. 

59. A location system as claimed in Claim 55. further including: 

a storage means for storing a population of representations for values of a collection of system parameters of said location 
system, wherein said parameters affert a performance of said location system in bating mobile sutions; 

an adaptn^e component for determining one or more of said representations whose values of said collertion of system 
parameters enhance at least one of: a reliability and an accuracy of said loation system in loating said mobile stations; 

wherein said adaptive component uses said plurality of data item collertions for providing, for each version of said location 
system determined by different ones of sard representations: 

(dl) wireless signal measurements from some of said data item collections as input to said version, and 
(d2) for each of said data item collections used as input in (dl). said corresponding geographial location for comparing 
with the corresponding most likely location estimate location output by said venion. 

60. A location system as claimed in Claim 59. wherein said adaptive component includes a genetic algorithm embodiment. 

61. A location system as claimed in Claim 55. wherein for at least a first and second of said plurality of location estimators, each of 
said fint and second k>ation estimaton include one of the following: 

(el) an artificial neural network for use in generating said corresponding initial toation estimates, wherein said artifKial 
neural networit is trained to recognize a pattern of charaaeristics of said signal measurements associated with a 
tocation from where one of said mobile stations is transmitting; 

(e2) a distance estimator for use in generating said corresponding initial loation estimates, wherein said distance 
estimator determines one or more disunces between one of said mobile stations and the base stations, and wherein 
signal timing measuremenU, obtained from wiretess transmissions between said one mobile station and one or more 
of the base stations, are used for determining said one or more distances; 
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(e3) a Jtatijtkal estimator for me in generating said correspomling initial loation estimates, wherein said statistical 
estimator atitiies a statistical regression technique for correlating charaaeristia of measurements of wireless 
signals transmitted between one of said mobile sutions and the base stations with a location for said one mobile 
station. 

5 62. A method for locating a mobile station by receiving wireless signal measurements of wireless signals transmitted between a 
plurality mobile sutionjand a network of base stations, wherein said base stations in the network are cooperatively linked for 
providing wireless communication, the improvement characterized by: 

providing a mobile station location estimator for estimating locations of said mobile stations, such that when said location 
estimator is supplied with said measurements of wireless signals transmitted between one of the mobile stations and said network of 
10 base stations, said location estimator generates a initial location estimate of a geographical location of said one mobile station; 

storing a plurafity of data item collections, wherein for each of a piurafity of geographical tocations, there is one of said data 
item collections having: (al ) a representation of the geographical tocation, and (a2) a representation of measurements of wireless 
signals transmitted between one of said mobile stations and the base stations when said one mobile station is approximately at the 
geographial location; 

15 determining, from said initial location estimate, a corresponding adjusted location estimate as a funrtion of historical initial 

loation estimates generated by said mobile station location estimator when supplied with said signal measuremenu for 
representations of (al) of said data item collertions. 

63. A method as claimed in (3aim 62, wherein said step of determining includes the steps of: 

generating additional initial location estimates when said mobile station location estimator is supplied with said signal 
20 measurements for representations of (a2) for said data item collections; 

seleaing said additional initial location estimates that are within a determined distance of said initial location estimate; and 
deriving said corresponding adjusted location estimate using said geographical location representations of (al) for data item 
collections of a particular set of said data item colleaions. wherein said additional initial location estimates selected in said step of 
seleaing were generated from said signal measurements for representations of (a2) for said data item collectionsof said particular 



25 set. 
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64. A method as claimed in Claim 62, wherein said geographical locations represented in (al) of said data item colleaions have been 
verifted. 

65. A method as claimed in Claim 62, wherein for each data item colleaion in a set of at least some of said data item collections, 
there is an associated confidence value used for indicating a consistency of the representation of (a2) for said data item colleaion 
with the representation of (a2) for other of said data item colleaions whose geographical location representations (al ) are within a 
determined maximum distance of said geographial loation representation of (al) for said data item. 

66. A method as claimed in Claini 6S further including: 

a step of decreasing a confidence of a first data item colleaion in said set relative to a confidence for othc r of said data item 
colleaions of said set, when there is a deviation between the measurements of said representation (a2) for said data item colleaion, 
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and the m»smmm of said r.p««ntttions (a2) for said .tl«rdata item coflertiom. by more than Mcnnined amount, wherein 
said deviation is detennined using a statistical ineasurement of devotion. 

«7. A method astiaimed in Claim M. wherein said step of decreasing includes comparing a time related measurement for said fin, 
data item colieaion with a value used lor identKying said data item cofleaions that have more recent representations (a2). 

68. A method as claimed in Claim M. wherein said step of decreasing includes computing said deviation by computing a statistical 
measurement of deviation, 

69. A method as claimed in Claim 68. wherein said smistical measurement includes one of: a firs,, a second and a third order 
standard deviation. 

70. A method as claimed in aaim 66 further including a step of pn,hibi,ing said first data item colbaion from being used in said step 
ol determining, when said confidence for said fint data item is outside of a predetermined range. 

71. A method as claimed in Claim 62. wherein said mobile station location estimator aaivates an artificial neural network when 
generating said initial loation estimate. 

72. A location system for receiving wireless signal measurements of wireless signals transmitted between a plurafity mobile stations 
and a network of base stations, wherein said base stations in tfie network are coopemively linked for providing wirefess 
communication, the improvement chararterized by: , v> 

a one or more location estimators for estimating toations of said mobile stations, such that when said tocation estimators are 
supplied with saw meastrremenu of wireless signals transmitted between one of the mobile stations and said network of base 
statbns, said one or mo« location estimators generate initial location estimates, wherein for a panicular one of said mobile stations 
at a particular geographical tootion, at least first and second initial bcation estimates are generated; 

a means for generating, for said first and second initial location estimates, first and second adjusted location estimates 
respectively, wherein: 

(al) saki first adjusted location estimate has a corresponding confidence value indicative of a likelihood of the particular 

geographical location being at a location represented by the first adjusted location estimate, 
(a2) said first adjusted location estimate is a funaion of other mitial bcation estimates generated by said location 

ettimatorthat generated said first initial bcation estimate, 
(aJ) said second adjusted tocation estimate has a corresponding confidence value indicative of a likelihood of the 

|»rticular geographical location being at a location r«presemed by the second adjusted location estimate, and 
(a4) said second adjusted location estimate is a function of other initial location estimates generated by said tocation 
estimator that generated said second initial location estimate; 
a most likely estimator for determining a most likely location estimate of the particular geographical loation of the parf^ular 
mobile station, said most likely locatk.n estimate being derived using said fint and second adjusted tocation estimates and their 
corresponding confidence values, 

73. A tocation system, as claimed in Claim 72 further including an archive for storing a plurality of data item colleaions for 
determining measurements related to a past performance of said corresponding loation estimator generating said first initial 
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location estimate, wherein said measurements are used in for determining said corresponding confidet»ce value for said first adjusted 
location estimate, wherein for each of a plurafrty geographical locationSp there ts a corresponding one of said data item colieaions 
having a representation of the geographical location and a representation of measurement of wireless signals transmitted between 
said particular mobile stations and the base stations. 
5 74. A loation system, as claimed in Gaim 73, wherein said means for generating includes a means for constructing said 

measurements, wherein said measurements include values related to a predictiveness of a collection of mappings between: (a) a 
duster of Initial location estimates, determined by said corresponding tocation estimator, for one or more of the mobile stations at a 
plurality of geographical locations, and (b) a corresponding representation of an anual mobile station location for each of the initial 
location estimates in said duster. 

10 7S. A location system, as claimed in Claim 74, wherein said cluster of initial location estimates are within a predetermined distance of 
said first initial location estimate. 

76- A location system, as claimed in Qaim 74, wherein said measurements are dependent on a density of said corresponding 
representations of actual mobile station locatio ns for the initial location estimates in said cluster. 

77. A location system, as claimed in Claim 74, wherein said measurements are dependem on a size of an area containing said mobile 
1 5 station locations of said corresponding representations of aaual mobile station locations for the initial location estimates in said 

doster. 

78. A location system, as claimed in Claim 72. wherein said corresponding confidence value for said first adjusted location estimate 
indicates a likelihood of said particular mobile station being outside of an area for said first adjusted location estimate- 

79. A location system, as claimed in Claim 72 further induding a means for partitioning a wireless coverage area having said first and 
20 second adjusted location estimates into subareas, each subarea having expeaed similar measurements of wireless signals transmitted 

between one of said mobile stations in the subarea and the network of base stations. 

80. A location system, as claimed tn Claim 72, further including a means for partitioning a wireless coverage area into subareas, 
wherein each subarea has a corresponding area type charaaerized by wireless signal transmission charaacristics between locations in 
said subarea and the base stations of said network. 

25 81 , A location system, as claimed in Claim 72, wherein said one or more mobile statnn location estimators indude one or more of: a 
triangulation mobile sution estimator, a trilateration mobile station estimator, attainable mobile station estimator, a statistical 
mobile station estimator. 

82. A location system, as claimed in Qaim 81. wherein said triangulation mobile station estimator triangulates using one of: a signal 
time of arrival, and a signal strength between the associated mobile station and each of three of said base stations. 
30 83. A location system for wireless mobile stations, as claimed in Claim 8 1 , wherein said trilateration mobile station estimator 

trilaterates using a signal time difference of arrival between the associated mobile station and each of three of said base stations. 

84, A location system, as claimed in Claim 81. wherein trainable mobile station estimator includes an artificial neural network. 

85. A location system, as claimed in Claim 72, wherein said one or more loation estimators receives input from a mobile base station. 
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86 J A location system. a$ claimed in Claim 72, wherein said means for generating includes a simulation means for determining a 
prediaiveness of said location estimator that generates said first initial location estimate. 

87. A location system, as claimed in Claim 86, wherein said simulation means includes a statUticat simulation for prediaing said 
confidence value said first adjusted location estimate. 

88. A location system for wireless mobile stations, as claimed in Claim 87, wherein said xutistical simulation includes a Monte Carlo 
simulation. 

89. A location system, as claimed in Claim 72. wherein, for deriving said most Hkely location estimate, said most likely estimator uses 
a probability density function for fuizifying at least said confidence value for said first adjusted location estimate over an area 
outside of said first adjusted loation estimate. 

90. A location system, as claimed in Claim 72. wherein for a firjt collection of cells of a ceil mesh for the wireless coverage area, said 
most likely estimator includes means for determining a likelihood that said particular mobile station is in each cell of said fir^t 
collection. 

91. A location system for wireless mobile stations, as cUimed in Claim 90. wherein boundaries between ceils said cell mesh are 
substantially coincident with boundaries of a wireless signal area type categorization. 

92. A location system for receiving wireless signal mcasuremenD of wireless signals transmitted between a plurality mofiife stations 
and a network of base stations, wherein said base stations in the network are cooperatively finked for providing wireless 
communication, the improvement charaaerized by: 

an archive for storing a plurality of data item collections, wherein for each location of a plurality geographical locations, there 
is one of said data item collections having (al) and (a2): 

(al) a representation of tlie geographial tocation, 

(a2) a set of said wireless signal measurements corresponding to one of said mobile stations transmitting from 
approximately the geographical location 
a trainable location estimator for generating a geographical location estimate of one of said mobile stations when said 
trainable estimator is supplied with said measurements of wireless signals transmitted between one of said mobile stations and the 
network of base stations, wherein said trainable location estimator learns by associating, for each of at least some of said data item 
collertions. said geographical loation representation (al) of the data item collcrtion with said set of said wireless signal 
measurements (a2) of the data item collection, 

93. A location system, as claimed in Claim 92, wherein said trainable location estimator includes a pattern recognition component for 
recognizing panems in said wireless signal measurements (a2) for data item colleaions in an area of a wireless coverage area, 
wherein said area is determined using said geographical location representations (al) of said data item collections that have for each 
of their sets of said wireless signal measuremenu (a2). wireless signal measurements from a same group of said base stations. 

94. A location system, as claimed in Claim 92. wherein said trainable location estimator includes an anificial neural network. 

95. A method as claimed in Qaim 94. further including a different trainable kication estimator utilizing a different artificial neural 
network for generating a different geographical kication estimate of said one mobile station. 
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96. A raethod ai claimed in Claiin 94. wherein said artificial neural ij one of: a multilayer perceptron, an adaptive resonance theory 
model, and radial basis funaion mtwork. 

97. A location system as claimed in Claim 92, wherein said trainable location estimator utilizes an artiftdal neural network with input 
neurons for receiving wireless signal time delay measurements of signal strength as said measurements of wireless signal 

5 transmissions between said one mobile station and a first collection of base stations from said network. 

98. A method as claimed in Claim 97. wherein for each base station in said first colleaion, said wireless transmissions between the 
base station and said one mobile station are detected by one of: the base station and said one mobile statbn. 

99. A method as claimed in Claim 92, wherein said trainable tocation enimator utilizes an artiffcial neural network with input 
neurons for receiving data related to wireless transmissions between said one mobile station and a set of one or more of said base 

10 stations, wherein for each base station in said set, there is at least one said input neuron for receiving one or more values indicative of 
at least one of the folkiwing conditions: 

(a) the base station is aaive for wireless communication with said one mobile station and a pilot signal by the base station 

is detected by the one mobile station; 

(b) the base station is active for wireless communication with said one mobile station and the base station detecu wireless 
1 5 transmissions by said one mobile station; 

(c) the base station is aaive for wireless communication with wid one mobile station and the base station does not detea 

wireless transmissions by said one mobile station; 

(d) the base station is active for wireless communication with said one mobile station and said one mobile station does not 

detect wireless transmissions by the base station; 
20 (e) the base station is not active for wireless communication with said one mobile station. 

100. A location system, as claimed in Claim 92, wherein for at least some of said data item colleaions, each data item collertion 
additionally includes at least some of the following: 

(a) at least one of a make and model of a particular mobile station used in obtaining said representation of (a2); 

(b) an identification of at least one of said base stations used in obtaining the representation of (a2); 

25 W a value indiative of whether the representation of (al) has been verified as an accurate geographial location 

estimate of the particular mobile station; 
(de) a value indicative of how consistent the representation of (a2) is with the representations of (a2) for other of said 
data item colleaions; 

(e) timestamp data indicative of approximately when the measurements of wireless signab for the representation of (a2) 
30 were received by one: the netwo rk and said location system; 

(f) power level data related to one or more power levels of said at least one of said base stations used in obtaining said 

measurements for the representation of (a2) for the data hem colleaion; 

(g) power level data related to the power level of the particular mobile station when said wireless signals, lor 

measurements of the represenution of (a2) for the data item collection, were transmitted. 
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1 01. A location jystein for receiving wireless signal measurements of wireless signals transmitted between a plurality mobile stations 
and a network of base stations, wherein said base stations in the network are cooperatively linked for providing wireless 
communication, the improvement characterized by: 

a plurality of mobile station location estimators for estimating locations of said mobile stations, such that when said location 
estimaton are supplied with said measuremenu of wireless signals transmitted between one of the mobile stations and said network 
of base stations, said location estimators output corresponding initial location estimates of a geographical location of said one mobile 
station, wherein at least two of said mobile station location estimators of said plurality of mobile station location estimators include a 
different one of the following (a) through (I): 

(a) a pattern recognition component for estimating a location of said one mobile station from a pattern in the wireless 

signal measurements of transmissions between the network and said one mobile station; 

(b) a trainable mobile station location estimating component for estimating a location of said one mobile station, 

wherein said trainable mobile station location estimating component is capable of being trained to associate: (i) 
each hication of a plurality of geographical locations with (ii) corresponding measurements of wireless signals 
transmitted between a specified one of said mobile stations and the network, wherein said specified mobile station is 
approximately at the locatwn; 

(c) a triangulation component for estimating a location of said one mobile station, wherein said triangulatron component 

utilizes said measuremenu of wireless signals between said one mobile station and three of the base stations for 
triangulating a location estimate of said one mobile station; 

(d) a statistical component utilizing a statistical regression technique for estimating a location of said one mobile station; 

(e) a mobile base station component for estimating a location of said one mobile station, wherein said mobile base 

station component utilizes location information received from a mobile base station that deteas said one mobile 
station; 

(0 a negative logic component for estimating an area of where said one mobile station is unlikely to be located; and 
a most likely estimator for determining a most likely bcation estimate of said one mobile station, said most likely location 
estimate being a funaion of said plurality of location estimateL 

102, A location system, as claimed in Claim 101, wherein at least one of said mobile station tocation estimators is activated by an 
expert system. 

103 A location system, as cbimed in Claim 101, wherein one or more of said mobile station location estimators are capable of being at 
least one of: added, replaced and deleted by Internet transmissions between said tocation system and a site remote from tocation 
synem, 

104. A tocation system for receiving wireless signal measurements of wireless signals transmitted between a plurality mobile stations 
and a network of base stations, wherein said base stations in the network are cooperatively linked for providing wireless 
communication, the improvement charaaerized by: 



201 



PCr/US97/15892 

a mobile Jtatioo taation providing means for estimating locations of said mobile stations, sucfi that when said providing 
means is supplied with said measurements of wireless signals transmitted between a particular one of the mobile stations and said 
network of base stations, said providing means determines a first colleaion of one or more location estimates for said particular 
mobile station; 

an expert system for activating expert system rules lor one of: (a) modifying one of said location estimates of said fint 
collection, and (b) obtaining additional location estimates of the particular location; 

a most likely estimator for determining a most likely location estimate of the particular location, said most Hkely location 
estimate being a function of one or more location estimates provided by said expert system. 

105. A location system, as claimed in Claim 104, wherein said expert system includes expert system rules for modifying a value 
indicating a confidence in said particular mobile station beir^ at a loation represented by one of said location estimates 

106. A mobile location system for locating wireless mobile stations that communicate with a plurality of networked base stations, 
comprising: 

a wireless transceiver means: (a) for at least deteaing a direaion of wireless signals transmitted from a wireless mobile 
station, and (b) for communicating with said networked base stations information related to a location of said wireless mobile 
station; 

a means for deteaing whether a deteaed wireless signal from said mobile station has been one of: reflected and deflected; 
a means for estimating a location said mobile station by using wireless signals transmitted from said mobile station that are 
not deteaed by said means for detecting as one of: reflected and defleaed. 

107. A mobile loation system as claimed in Cbim 106. wherein said means for deteaing includes a means for comparing: (a) a 
distance of said mobile station from said mobile location system using a signal strength of said wireless signals from said mobile 
station, and (b) a distance of said mobile station from said mobile location system using a signal time delay measurement of wireless 
signal from said mobile station. 

108. A mobile location system as claimed in Claim 106, further including 

one or more location estimaton for estimating a location of said mobile location system, wherein said at least one of said 
loation estimators uses wireless signals transmitted from one of: said networked base stations and a global positioning syitxtm, 

109. A mobile location system as claimed in Claim 108, further including 

a deadreckoning means for estimating a change in a location of said mobile loation system, wherein saki deadreckoning 
means provides incremental updates to sard one or more loatbn estimates of said mobile location system output by sakl at least one 
loation estimator. 

1 10. A mobile loation system as claimed in Claim 106, wherein said wireless transceiver means includes one of a direaional antenna 
and a seaored antenna. 

1 11. A mobile loation system as claimed in Cbim 106, wherein said means for estimating includes a means for snapping an estimated 
toation of said mobile station to a vehicle traffic route. 

I II A method for bating a wireless mobile station, comprbing: 
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determining one or more collectionj of one or more location hypotheses of a location of a particular mobile station, wherein, for 
each of said colleaions, said one or more location hypotheses of said collection are obtained using measurements of wireless signals 
transmitted between said particular mobile station and a network of base stations, wherein said wireless signals are transmitted 
during a time interval different from any other time interval for tranimitting wireless signals whose measurements are used for 
obtaining said location hypotheses for a different one of said collections, and wherein each said location hypothesis of each said 
colleaion provides access to the following attributes: 

(a) an estimate of the location of said particular mobile station, 

(b) time related data for determining a measurement of time since the wireless signals, upon which said location estimate of 

the location hypothesis, were transmitted, 

(c) a confidence providing a measurement of a likelihood that said particular mobile station is at a location represented by 

said loation estimate attribute of said location hypothesis; 

constructing one or more derived location hypotheses, wherein each said derived location hypothesis also has said attributes 
(a) through (c). and wherein at least one of said attributes, for each of said derived location hypotheses, is determined using said 
attributes of said location hypotheses of said collections; 

estimating a tocation of said particular mobile station using said one or more derived location hypotheses. 

1 13. A method as claimed in Oaim 1 12, wherein said step of construaing includes deriving a value for said location estimate attribute 
of one of said derived location hypotheses by using said location estimate attributes of location hypotheses in said one or more 
colledtons. 

1 14. A method as claimed in Claim 1 13. wherein said deriving includes extrapolating said loation estimate of said one derived 
location hypothesis from said location estimate attributes of location hypotheses in said one or more colleaions. 

1 15. A method as claimed in Claim 1 12. wherein said step of constructing includes inserting said location hypotheses of said collections 
into one of: an expert system faa base, and a blackboard run-time storage. 

1 16. A method for locating a wireless mobile station, comprising: 

providing at least a first location estimator for estimating locations of a plurality of wireless mobile stations, wherein said first 
location estimator receives as input wireless signal measurements of wireless signab transmitted between said plurality mobile 
stations and a network of base stations, wherein for said network, said base stations in the network are cooperattvety linked for 
providing wireless communication; 

storing a plurality of data item collections, wherein for each of a plurality tocations. there is one of said data item colleaions 
having: (a) a representation of the location, and (b) said wireless signal measurements corresponding to om; of said mobile stations 
transmitting from approximately the location; 

aaivating said first location estimator with said wireless signal measurements of said data item colleaions for obtaining 
corresponding mobile station location estimates; 
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coimniaing a first set of said measurements for said first loatbn estimator, wherein said first set includes values related to a 

predictiveness of a collection of mappings between: (a) said corresponding mobile station kration estimates, and (b) for each said 

corresponding mobile sution location estimate, a corresponding verified mobile station location; 

generating, by said fim location estimator, a fint initial tocation estimate from wireless signal measurements of mrtksi signals 

from transmissions between a first of said mobile stations and the base stations, wherein a location of said first mobile station is 

unicnown; 

obtaining an adjusted location estimate of said first mobile station, wherein said adjusted location estimate is obtained by using 
a subcolleaion of said mappings in a neighborhood of said first initial location estimate; 

determining a confidence value related to a likelihood of said first mobile station being at a location represented by said 
adjusted location estimate, wherein said confidence is a funaion of at least one measuremem in said first set of measurements. 

1 1 7. A method as claimed in Claim 1 16. wherein said step of constniaing includes simulating locating one of said mobile stations 
using said corresponding mobile station tocation estimates and said correspomfing verified mobile sUtion tocations. 

1 1 8. A method as claimed in Cbim 1 1 7, wherein said step of simulating includes performing a Monte Carlo simuUtion. 

1 1 9. A method for locating wireless mobile stations from measurements of wireless signaU transmitted between the mobile stations 
and a network of base stations, wherein for said network, said base stations in the network are cooperatively linked (or providing 
wireless communication, comprising: 

storing a pluralhy of data item collcaions, wherein for each of a plurality locations, there is one of said data item colleaions 
having: (a) a representatwn of the location, and (b) said wireless signal measurements corresponding to one of said mobile stations 
transmitting from approximately the tocation. wherein said wireless signal measurements are acceptable as input to a wireless 
mobile station tocatton system; 

determining a colleaion of parameten of said wireless mobile station location system that affect a performance of said wireless 
mobile station location system in tocating mobile stations; 

providing a population of representations for values of said collection of parameters to an adaptation component, wherein said 
adaptation component: (a) generates, for said representations, configurations of said wireless mobile station location system, each 
said configuration corresponding to the values of one of sakl representatbns, and (b) determines, for each of at least some of said 
configurations, a location prediaing performance using said plurality of data items for providing wireless signal measurements as 
input and said representations of locations for comparing with mobile station location outputs by the configuration; 

determining a first of said configurations that an enhanced performance of said wireless mobile station location system; 

using said first configuration for deriving a tocation estimate of a first one said mobile statbn. wherein said first configuration 
is provides with wireless signal measuremenu of wireless signals from transmissbns between said first mobile station and the base 
stations, and wherein a location of said first mobile station is unknown. 

120. A method as claimed in Claim A9, wherein said adaptation component includes a genetic algorithm embodiment. 

121 . A method for locating a wireless mobile station, comprising: 
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determining a plurality of focation estimates of a mobile station, wherein: (a) said loation estimates are derived from wireless 
signal measurements of wireless signals transmitted between the mobile station and a network of base stations, wherein for said 
network, said base stations in the network are cooperatively linked for provkling wireless communication, (b) said location estimates 
are time ordered; 

obtaining an additional location estimate of said mobile station using additional wireless signal measurements transmitted 
between said mobile station and the network or base stations; 

deriving at least one derived location estimate of said mobile station that is different from saki plurality of location estimates, 
said derived location estimate obtained using one or more measurements of a behavior of said time ordered location estimates; 

assigning a likelihood value that said mobile station is at k)cation represented by said additional tocation estimate as a function 
of a distance between said additional locatk}n and said derived location estimate. 

122. A method as claimed in Claim 121, wherein said measurements determine at least one of: a speed of said mobile station, a 
dirertion of said mobile station, a ciiange in speed of said mobile station, and a change in direction of said mobile station, 

123. A method as claimed in Claim 121 further including a step of assigning a likelihood value to said derived location estimate as a 
function of a charaaeristic of an environment of an area containing said plurality of location estimates, wherein said characteristic is 
expeaed to affea the behavior of said time ordered location estimates. 

124. A method as claimed in Claim 123, wherein said charaaeristic is one of: a traffic route, a waterway, an abrupt change in 
elevation, a weather condition, a density of buildings having a predetermined height. 
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p.j)nength ^^^^^^ ^^^^^ ^ a2=F2(W2*a1 +b2: 



Figure 14: Neural Network Architecture: 2 of 3 Layers shown 
(Dense Urban Canyon) 
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UPDATE_LOC_SlG_DB(NEW_LOC_OBJ. SELECTION_CRITERlA, LOC_SIG_POP) 
START ^ 



100 DB 



108 DB 




IS "NEW_LOC_OBJ" IN THE LOCATION 
SIGNATURE DATA BASE? 



104 DB 



NO 



YES 



INSERT "NEW LOC^OBJ" IN THE 
LOCATION SIGNATURE 
DATA BASE 1320. 



DB^SEARCH_AREAJ— GET A REPRESENTATION OF 
A GEOGRAPHICAL AREA SURROUNDING 
THE LOCATION ASSOCL\TED WITH 
"NEW LOC OBJ*'. 



112 DB 



116 DB 



X 



i 



DB_LOC_SIGS— GET ALL THE LOC SIGS IN THE 
LOCATION SIGNATURE DATA BASE THAT 
SATISFY THE CRJTEIUA OF 
"SELECTION_CRITERL\*' AND THAT ARE 
ALSO IN "DB_SEARCH AREAP. 



NEARBY_LOC_SIG_BAG-»- GET THE LOC SIGS FROM 
-DB_LOC_SIGS", WHEREIN FOR EACH LOC SIG 
GOTTEN, THE DISTANCE BETWEEN THE 
LOCATION ASSOCIATED WITH THE LOC SIG GOTTEN 
AND THE LOCATION ASSOCLVTED WITH 
•*NEW_LOC.OBJ" IS CLOSER THAN, E.G.. 
SOME STANDARD DEVIATION (SUCH AS A 
SECOND STANDARD DEVL^lTION) OF THE 
DISTANCES BETWEEN LOC SIGS OF "DB_LOC_SIGS" 
AND "NEW LOC OBJ". 



LOC_SIG— GET THE HRST (NEXT) LOC SIG IN 
"NEARBY LOC SIG BAG". 



120 DB 



FIG, 17A 
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124 DB 



\ 



LOC— A REPRESENTATION OF THE 
LOCATION ASSOCIATED WITH 
"LOG SIC". 



± 



± 



128 DB 



BS— GET THE BASE STATION 122 ASSOCIATED WITH 

"LOC SIG". 



MARK "LOC^SIG" SO THAT IT CANNOT BE RETRIEVED 
FROM THE LOCATION SIGNATURE DATA BASE. 



132 DB 



DB_SEARCH_AREA2— GET A REPRESENTATION OF A 
GEOGRAPHICAL SERVICE AREA ABOUT LOC SIG 
INCLUDING "NEW LOC^OBJ". 

J 



156 DB 



/ 



138 DB 



LOC^SIG_BAG*- CREATE LOC SIG BAG DATA STRUCTURE 
HAVING ONLY THE SINGLE ITEM, "LOC SIG^ 



INVOKE THE PROGRAM, 

"DETERJVlINE_LOC ATION^SIGN ATURE_FIT^ERRORS FOR 
DETERMINING AN ERROR IN HOW SIMILAR "LOC_SIG" IS WITH 
OTHER VERIFIED LOC SIGS IN THE LOCATION SIGNATURE 
DATA BASE. IN PARTICULAR. INVOKE THIS PROGRAM WITH 
THE FOLLOWING PARAMETERS: 

(A) "LOC"; 

(B) "LOC_SIG_BAG"; 

(C) "DB_SEARCH_AREA2"; 

(D) "LOC_SIG_POP" FOR INDICATING THE VERIFIED LOC 
SIGS IN THE LOCATION SIGNATURE DATA BASE TO 
WHICH "XOC.SIG" IS TO BE COMPARED; 

(E) AN INDICATION OF THE OUTPUT DESIRED WHICH 
IN THIS CASE, IS AN ERROR RECORD RELATED To' 
"LOC_SIG*'. 



140 DB 








UNMARK "LOC_SIG" SO THAT IT CAN BE 


FIG. 17B 




RETRIE\^D FROM THE LOCATION 


/ 


SIGNATURE DATA BASE. 





144 DB 1 
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YES 




IS THERE ANOTHER LOC SIG 
i IN "NEARBY_LOC SIG BAG"? 



148 DB 




152 DB 



/ 



ERROR_REC_SET— THE SET OF ALL ERRORS RETURNED. 



INVOICE THE PROGRAM, 

■'REDUCE_BAD_DB_LOC_SIGS". FOR REDUCING 
THE CONFIDENCE OF THE LOC SIGS WHOSE 
CORRESPONDING ERRORS ARE RELATIVELY HIGH 
AI.SO. DELETE ANY LOC SIG WHOSE CONFIDENCE 
BECOMES TOO LOW. 



INVOKE THE PROGRAM, 

"INCREASE_CONFIDENCE_OF_GOOD_DB_LOC_SIGS" FOR 
INCREASING THE CONFIDENCE OF THE LOC SIGS 
WHOSE CORRESPONDrNG ERRORS ARE RELATIVELY 
LOW. 



156 DB 




i 



\ 



160 DB 



FIG. 17C 
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ESTIMATE_LOC,SIG_FRQM_DB (LOC_FQR _ESTIMATIQN, BS, BS_SIG_BAG) 

START ^ 



APPLY PRE-PROCESING CONSTRAINTS TO ACCOUNT FOR 
DISCREPANCIES BETWEEN (a) CURRENT 
CONDITIONS, AND (b) PAST CONDITIONS WHEN 
THE VERIFIED LOC SIGS OF "LOC_SIG_BAG" WERE 
COLLECTED; i.e., APPLY CONSTRAINTS TO TAKE 
INTO ACCONT ADDITIONAL KNOWLEDGE 
REGARDING DISTINCTIONS BETWEEN THE 
CONDITIONS RELATED TO THE PRESENT WIRELESS 
ENVIRONMENT, TYPE AND STATUS OF THE BASE 
STATION OF "BS" IN COMPARISON TO THE 
CONDITIONS OCCURRING FOR THE LOC SlGS OF 
"LOC_SIG BAG- 




DID THE PRE-PROCESSING CONSTRAINTS YIELD A RESULT 
INDICATING THAT ANY SUBSEQUENTLY DERIVED lSc SIG 
ESTIMATE WOULD BE EXCESSIVELY VNREU^E^ 



YES 



NO 



FOR EACH OF THE LOC SIG SIGNAL 
TOPOGRAPHY CHARACTERISTICS, C, OF A LOC 
SIG VARIABLE, '•EST_LOC_SIG", 

(A) DETERMINE A SMOOTH SURFACE 
S(C). OF MINIMAL CONTOUR 
VARIATION FOR THE SET OF POINTS 
{(X,Y,Z) SUCH THAT (X,Y) IS A 
LOCATION AND Z IS A VALUE OF C AT 
THE LOCATION (X,Y) FOR SOME LOC 
SIG IN "LOC_SIG_BAG"} 

(B) INTERPOLATE/EXTRAPOLATE A 
VALUE FOR THE C-COORDINATE OF 
"EST_LOC_SIG" AT THE LOCATION 
"LOC_FOR_ESTIMATION" 



c 



RETURN 



of'^r\x''ti'o-' "^''"^ ™ ""'""■"'^ ^ SIC FIELDS 



/" RETURN N 
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GET_AR£A_TO_SEARCH (LOC) 
START ^ 

LOC_AREA_TYPE-^ GET THE AREA T YPE(S) FOR "LOC" 
SEARCtLA^A^UET A DEFaIjLT MAXIMUM SEARCH AREa" 



I SAVED_SEARCH_AREA-^ SEARCH. AREA 



SEARCH^AREA_TYPES*- GET THE (FUZZY LOGIC) AREA 
TYPE(S) FOR ••SEARCH_AREA" 



I 



MIN_ACCEPTABLE_NBR_LOC_SIGS*- 0 



i 



AREA_TYP&-<- GET FIRST 

(NEXT) AREA TYPE IN 
"SEARCH_AREA TYPES- 



DOES "AREA_TYPE" REFERENCE 
+ A NEW AREA TYPE? 



YES 



O 



NO 



1 



TOTAL_ NBR_LOC_SIGS-<— THE 
NUMBER OF 
VERIFIED LOC SIGS IN 
THE LOCATION 
SIGNATURE DATA BASE 
1320 HAVING A LOCATION 
(THE "MS_LOC" 
ATTRIBUTE) IN 
"SEARCH_AREA" 




IS "MIN_ACCEPTABLE_NBR LOC SIGS' 
> "TOTAL_NBR_LOC SIGS"? 



NO 



RETURN 
SAVED SEARCHED AREA 



FTG. 22A 
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SAVED_SEARCH_AREA^ SEARCH AREA 



SEARCH_AREA*- GET A 
SMALLER AREA FOR 
"SEARCH_AREA", 
WHEREIN THIS SMALLER 
AREA STILL CONTAINS "LOC". 



AREA_PERCENT^PERCENTAGE OF AREA FOR 
"SEARCH_AREA" THAT IS OF THE TYPE 
"AREA_TYPE", OR, USING FUZZY LOGIC 
HAVING A FUZZY VALUE ABOVE A 
PREDETERMINED THRESHOLD 



I 



MIN_ACCEPTABLE_NBR_LOC_SIGS 

MIN_ACCEPTABLE_NBR_LOC_SIGS + 
[(MINIMUM ACCEPTABLE VERIFIED LOC SIG DENSITY 
FOR ■■AREA_TYPE") * (SIZEOF(SEARCH AREA) * 
(AREA_PERCENT/ 100)] ~ 



i 



FIG. 22B 
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irc-r.K.>r^-^^*™'^^^^-^^5^^^^('rAI^G LOG SIG. 
ESTIMATED_LOC_SIG, C0MPAR1S0N.L0C_SIG_BAG'; SEARCH AREA 

search^crTteria) 

FIG. 23 A 



INITIATE THE DIFFERENCE ACCUMULATION 
parameter, "ERROR", TO ZERO. 



I 



FILTER_BAG <r~ GET A COLLECTION OF FILTER OBJECTS FROM " 
THE SIGNAL PROCESSING SUBSYSTEM 1220 FOR 
TRANSFORMING THE *TARGET_LOC_SlG", 
"ESTIMATED_LOC_SIG'\ AND THE LOG SIGS OF 
**COMPARJSON_LOC_SIG_BAG" INTO LOG SIGS HAVING 
COMPARABLE ATTRIBUTES; i.e., WHEREI N THE LOG SIGS 
CAN BE CONSIDERED AS BEING OBTAINED FROM THE SAME 
TYPE OF MS 140. oavi ic 



I 



APPLY EACH FILTER IN "FILTER^BAG" AS NEEDED TO THE LOG 
SIGS "TARGET_LOC_SIG","ESTIMATED_LOC_SIG" AND THE 
LOG SIGS OF "COMPARISON_LOC_SIG" 



GET THE FIRST (NEXT) LOG SIG SIGNAL TOPOGRAPHY 
CHARACTERISTIC COORDINATE (AS IS, FOR EXAMPLE 
DESCRIBED IN (25.7) OF THE SPECIFICATION) 



NO 




WAS A NEW "C" OBTAINED? 



YES 



VARIABILITY_MEASMT.VAL ^ GET A STATISTIC 

MEASURING THE RANGE IN VARIABILITY OF THE "C^ 
COORDINATE OVER THE POPULATION OF LOG SIGS 
IN "COMPARISON_LOC SIG_BAG" 



ERROR_REC.ERROR - 
ERROR 



NO. SO THERE ARE ENOUG 
LOG SIGS IN 
"COMPARISON_LOC_SIG_BAG" 



IS THE NUMBER OF LOG SIGS IN 
"GOMPAR1SON_LOC_S1G_BAG" < AN 
EXPECTED MINIMUM THRESHOLD FOR 
A SERVICE AREA CHARACTERIZED BY 
"SEARGH_AREA" AND 
:SEARGH_CRITER1A"? 



YES 
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, I VARJAl3ILITy_MEASMT_CONF_REDUCTI0N_FACTOR^ I.O 



I 



DETERMINE A MEASUREMENT OF THE CONFIDENCE THAT CAN 
BE PLACED IN "ERROR_REC.ERROR"; e.g., 
ERKOR_REC.CONFIDENCE <- 
MfN(TARGET_LOC_SIG.CONFlDENCE, 
[(THE AVERAGE CONFIDENCE OF THE LOC SIGS IN 
'*COMPARISON_LOC_SIG_BAG") * 

(VARJABILITY_MEASMT_CONF_REDUCTION_F ACTOR)]) 



I 



(^^^^^^^^rUKN (ERROR^EC)2^ 

^ r 



DETERMINE A VALUE FOR REDUCING THE 
CONFIDENCE TO BE PLACED IN 
"VARJABILITY_MEASMT>VAL"; e.g., 
VARIABILITY_MEASMT_CONF_REDUCTION_FACTOR 
SIZEOF(COMPAR1SON)_LOC_SIG_BAG/ 
(THE EXPECTED MINIMUM THRESHOLD) 



DETERMINE A DIFFERENCE MEASUREMENT ("DELTA") IN THE 
"C" COORDINATE BETWEEN "TARGET_LOC_SIG'* AND 
*'ESTIMATED_LOC_SIG"; e.g., DELTA ^ THE ABSOLUTE 
VALUE OF (TARGET_LOC_SIG[C] - ESTIMATED_LOC_SIG[C]) 



IS DELTA > 

VARIABILITY MEASMT.VAL? 



YES 



lERROR *- ERROR + (DELTAA^AJUABILITY_MEASMT.VAL) 



FIG. 23B 
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204CA 



GET_ADJUSTED_LOC_HYP_UST_FOR(LOC_HYP) 

START ^ 



± 



FIG. 26A 



LOC_HYP_LIST-^ CREATE AN EMPTY NEW 

LOCATION HYPOTHESIS LIST AND PUT "LOC HYP' 
ON THIS LIST. 



208CA 



212CA 



MESH^ GET A MESH OF AREA CELLS RELATED TO THE 
FIRST ORDER MODEL THAT GENERATED "LOG HYP" 



i 



PT_MrN_AREA-^GET A "SMALL" AREA ABOUT AN 

ESTIMATED TARGET MS POINT LOCATION PROVIDED BY 
"LOC_HYP'\ WHEREIN THIS AREA INCLUDES ONE OR 
MORE MESH CELLS SURROUNDING THE TARGET MS 

POINT LOCATION, 



216CA 



220CA 



INITIALIZE A VARIABLE, "AREA", WITH "PT_^MrN_AREA" 



1 



PT_MAX_AREA-^ GET A MAXIMUM AREA ABOUT THE 

ESTIMATED TARGET MS POINT LOCATION PROVIDED BY 
"LOC HYP". 



MIN CLUSTERS-^ GET THE MINIMUM NUMBER OF PREVIOUS 
MS 140 LOCATION ESTIMATES, L. THAT ARE DESIRED IN 
THE AREA, "AREA", FOR SUBSTANTL\LLY 
RELYING ON HISTORICAL MS LOCATION DATA IN THE 
LOCATION SIGNATURE DATA BASE 1320 FOR ADJUSTING 
THE CONHDENCE AND/OR THE TARGET MS ESTIMATED 
LOCATION, WHEREIN EACH SUCH MS ESTIMATE WAS 
GENERATED BY THE SAME FIRST ORDER MODEL THAT 
GENERATED "LOC_HYP". 




224CA 



PT_EST_BAG-^GET THE MS POINT LOCATION ESTIMATES 
FOR EACH PREVIOUS MS LOCATION ESTIMATE L 
COUNTED IN THE PREVIOUS STEP. 



+ 
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r 



i 

WHILE THE NUMBER OF POINT LOCATION ESTIMATES IN 
"PT_EST_BAG" IS LESS THAN "MIN.CLUSTERS" AND "AREA- 
REPRESENTS AN AREA LESS THAN OR EQUAL TO 
"PT_MAX_AREA": (A) REPEATEDLY INCREASE "AREA"; 

(B) RECALCULATE "MIN_CLUSTERS" FOR 
"AREA" ACCORDING TO STEP 224CA; 

(C) RECALCULATE *'PT_TEST_BAG" FOR 
"AREA" ACCORDING TO STEP 228CA. 



232CA 



ASSIGN THE RESULTING VALUE FOR "AREA" AS THE VALUE FOR 
THE "PT_COVERING" ATTRIBUTE OF "LOC_HYP". 



236CA 



240CA 



252CA 



NO 




IS "PT_EST_BAG' 
EMPTY? 



YES (SO CANNOT 
ADJUST 
"LOC^HYP") 



DETERMINE THE VALUE, MIN{(SIZE OF 
(PT^EST_BAG)/MIN_CLUSTERS), 1.0 } AS 
A CONFIDENCE ADJUSTMENT 
COEFFICIENT; ASSIGN THIS VALUE TO 
THE PARAMETER, 
"CLUSTER RATIO FACTOR". 



256CA 



NO 



M4CA 



SET THE 
"IMAGE_AREA" 
ATTRIBUTE OF 
"LOC HYP" TO NULL. 



C 



RETURN WITH 
"LOC HYP LIST' 




DOES "AREA" REPRESENT AN AREA LARGER 
THAN THE AREA FOR -PT MAX AREA"? 



3 



YES (SO "AREA" IS TOO BIG TO ENTIRELY 
IGNORE INITL\L MS LOCATION ESTIMATE AND 
CONFIDENCE). 



260CA 



-248CA 



FIG. 26B 



NEW_LOC_HYP^ CREATE A 

DUPLICATE OF "LOC_HYP" WITH THE 
"IMAGE_AREA" ATTRIBUTE SET TO NULL, 
AND WITH THE CONFIDENCE VALUE 
LOWERED BY THE COEFFICIENT: 
(1.0 - CLUSTER_RATIO_FACTOR). 
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I 



ADD "NEW_LOC_HYP" TO "LOC_HYP_LIST 



264CA 



iMAGE_CLUSTER_SET-^ GET THE X^RIFIED LOCATION 
SIGNATURE CLUSTERS IN THE LOCATION 
SIGNATURE DATA BASE FOR WHICH THERE ARE MS 
POINT LOCATION ESTIMATES lU "PT_EST_BAG" 



n 



268CA 



IMAGE_.AREA— GET A "SMALL" AREA CONTAINING THE 
VERIFIED LOCATION SIGNATURES IN 
"IMAGE_CLUSTER SET". 



276CA 



n 



272CA 



ASSIGN THE VALUE OF "IMAGE_AREA" TO THE 
"IMAGE__AREA" ATTRIBUTE FIELD OF "LOC_HYP". 



280CA 



CONFIDENCE-^ INVOKE THE FUNCTION, 

"CONFIDENCE^ADJUSTER". FOR DETERMINING A 
CONFIDENCE VALUE FOR THE TARGET MS BEING IN 
THE AREA FOR "IMAGE_AREA". THE INVOCATION 
INPUT VALUES ARE: "LOC_HYP.FOM_ID'\ 
"IMAGE_AREA'\ "IMAGE_CLUSTER_SET". 



ASSIGN THE VALUE OF; "CONFIDENCE * 
284CA CLUSTER_RATIO_FACTOR" TO THE "CONFIDENCE- 
ATTRIBUTE OF "LOC HYP". 



288CA 




RETURN WITH 
"LOC HYP LIST- 



FIG. 26C 
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Fig. 28 A 
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AME^fDED CLAIMS 

[received by the Internationa! Bureau on 27 March 1998 (27.03.98); 
original claims 1-124 replaced by new claims 1-47 (32 pages)] 

1. A method for locating a wireless mobile station 

using wireless signal measurements obtained from 

transmissions between said mobile station and a plurality 

of base stations capable of wirelessly detecting said 

5 mobile station, comprising: 

providing first and second mobile station location 

estimators, wherein said location estimators provide 

location estimates of said mobile station when said 

location estimators are supplied with data obtained from 

10 wireless signal measurements obtained from transmissions 

between said mobile station and the base stations, wherein: 

(A) said first location estimator performs one or 

more of the techniques when supplied with said wireless 

signal measurements; 

15 (a) a triangulation technique to determine, for 

each of three or more of the base stations, one of: a 

distance and a wireless signal angle of arrival between the 

mobile station and the base station using the wireless 

signal measurements; 

20 (b) a learning technique, wherein said learning 

technique determines an association for associating: 

the wireless signal measurements, and data 

indicative of a location for the mobile station, 

wherein said association is determined by a 

25 training process using a plurality of data pairs, 

each said pair including: first information 

206 
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indicative of a location of some mobile station, 
and second information from wireless signal 
measurements between said some mobile station and 
one or more of the base stations when said some 
5 mobile station is at the location; 

(c) a stochastic technique, wherein each said 
stochastic technique uses a statistical correlation for 
correlating: 

the wireless signal measurements, and 
iO data indicative of a location for the mobile 

station, 

wherein said correlation is used for determining 
a probability that the mobile station is within 
an area, and 

15 (B) for at least a particular one of said techniques 

performed by said first location estimator, said second 
location estimator does not perform said particular 
technique when supplied with said wireless signal 
measurements ; 

20 first supplying said first location estimator with 

first data obtained from the wireless signal measurements; 

first generating, by said first location estimator, 
first location related information having at least a first 
estimate for the mobile station's location; 

25 second supplying said second location estimator with 

second data obtained from the wireless signal measurements; 
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second generating, by said second location estimator, 
second location related information having at least a 
second estimate for the mobile station's location; 

determining a resulting location estimate of the 
mobile station using: (a) a first value obtained from said 
first location related information, and (b) a second value 
obtained from said second location related information. 

2. A method as claimed in Claim 1, further including 
a step of receiving said measurements during a wireless 
communication between said mobile station and said 
plurality of base stations for contacting an emergency 
response center. 

3. A method as claimed in Claim 2, further including 
a step of transmitting said resulting location estimate to 
the emergency response center during said wireless 
communication . 

4. A method as claimed in Claim 1, wherein said step 
of providing includes: 

transmitting through a telecommunications network, said 
first location estimator from a source site to a site 
having said second location estimator; 

operably integrating said first location estimator with 
said second location estimator for performing at least said 
step of determining. 
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5. A method as claimed in Claim 4, wherein said step 
of transmitting includes sending an encoding of said first 
location estimator using the Internet. 

6, A method as claimed in Claim 1, further including 
a step of retrieving at least one of (al) and (bl) : 

(al) first historical location data having: (i) a 
first set of historical location estimates 
generated by said first location estimator for 
wireless signal measurements obtained from 
transmissions between one or more mobile stations 
and said plurality of base stations at a first 
plurality of locations, wherein a distance 
between at least one of said location estimates 
of said first set, and said first estimate of 
said mobile station's location is determined to 
be less than a first predetermined value, and 
(ii) data identifying said locations of said 
first plurality of locations; 
(bl) second historical location data having: (i) a 
second set of historical location estimates generated by 
said second location estimator for wireless signal 
measurements obtained from transmissions between one or 
more mobile stations and said plurality of base stations at 
a second plurality of locations, wherein a distance between 
at least one of said location estimates of said second set, 
said second estimate of said mobile station's location is 
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determined to be less than a second predetermined value, 
and (ii) data identifying said locations of said second 
plurality of locations. 

7. A method as claimed in Claim 1, further 
5 including, for at least one location estimate of said first 

and second estimates, a step of obtaining one of a 
likelihood value and a probability that a location of said 
mobile station is in said one location estimate, wherein 
said likelihood value is obtained using historical location 

10 estimates generated by the location estimator that 
generated said one location estimate when the location 
estimator is supplied with wireless signal measurements 
obtained from transmissions between one or more mobile 
stations and said plurality of base stations at a plurality 

15 of locations- 

8. A method as claimed in Claim 1, wherein said step 
of providing includes providing some one mobile station 
location estimator, wherein said one mobile station 
location estimator generates an estimate of where said 

20 mobile station is unlikely to be located. 

9. A method as claimed in Claim 1, wherein said 
wireless signal measurements are obtained from 
transmissions between said mobile station and said 
plurality of base stations, wherein said transmissions 

25 occur within an interval of time wherein one of: said 
mobile station is expected to be in substantially a same 
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location, and said interval is less than a predetermined 
duration - 

10. A method as claimed in Claim 1, wherein one of: 
said first data includes said second estimate, and said 

5 second data includes said first estimate. 

11. A method as claimed in Claim 1, further 
including: 

performing a first simulation for predicting a 
likelihood of said mobile station being at said first 

10 estimate, wherein said simulation uses pairs of location 
representations, a first member of each pair including a 
location estimate obtained from said first location 
estimator and a second member of the pair including a 
representation of an independently determined location of 

15 a mobile station used for obtaining wireless signal 
measurements that are obtained from transmissions with said 
plurality of base stations. 

12. A method as claimed in Claim 1, wherein at least 
one of said first and second location estimators each 

20 utilize one of the following: 

(a) a pattern recognition location technique for 
estimating a location of said mobile station by 
recognizing a pattern of characteristics of said 
data obtained from wireless signal measurements; 

25 (b) a mobile base station estimator for estimating a 

location of said mobile station from location 
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information received from a mobile base station 
detecting wireless transmissions of said mobile 
station; 

(c) a coverage area location technique for estimating 

a location of said mobile station by intersecting 
wireless coverage areas for different sets of one 
or more of said base stations; 

(d) a negative logic location for estimating where 
said mobile station is unlikely to be located. 

13. A method as claimed in Claim 1, wherein at least 
one of the following holds : 

(a) said learning technique is capable of providing an 

artificial neural network for generating a mobile 
station location estimate by training said 
artificial neural network to recognize a pattern 
of characteristics of location information 
obtained from said wireless signal measurements; 

(b) said triangulation technique is capable of 
providing the distances between the mobile 
station and said three or more of the base 
stations using one or more of: a wireless signal 
time of arrival^ a wireless signal time 
difference of arrival, a wireless signal strength 
indication; 

(c) said stochastic technique is capable of providing 

said statistical correlation using one of: 
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principle decomposition, least squares, partial 
least squares, and Bollenger Bands. 

14. A method as claimed in Claim 1, wherein said 
first location estimator includes an artificial neural 

5 network, wherein said artificial neural network is one of: 
a multilayer perceptron, an adaptive resonance theory 
model, and radial basis function network, 

15. A method as claimed in Claim 1, wherein said step 
of determining includes deriving a likelihood measurement 

0 that said mobile station is in said resulting location 
estimate, wherein said likelihood measurement is dependent 
upon a first likelihood measurement that said mobile 
station is in said first estimate, and a second likelihood 
measurement that said mobile station is in said second 

5 estimate. 

16. A method as claimed in Claim 1, further including 
a step of deriving one of said first estimate, said second 
estimate, and said resulting location estimate using one 
of: 

0 (a) an expected maximum velocity of said mobile 

station; 

(b) an expected maximxam acceleration of said mobile 
station; 

(c) an expected route of said mobile station. 
5 17. A location system for locating a mobile station, 

wherein said mobile station is one of a plurality of mobile 
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stations, and wireless signal measurements are capable of 
being obtained from wireless transmissions between the 
plurality of mobile stations and a plurality of base 
stations, the improvement characterized by: 
5 one or more location estimators, each said location 

estimator for estimating a location for each of one or more 
individual mobile stations of the plurality of mobile 
stations, when said location estimator is supplied with 
data from a set of said wireless signal measurements 

10 obtained from wireless transmissions between the individual 
mobile station and said plurality of base stations; 

an archive for storing a plurality of data item 
collections, wherein for each geographical location of a 
plurality geographical locations, there is one of said data 

15 item collections having (al) and (a2) : 

(al) a representation of the geographical location, 

and 

(a2) wireless signal measurements corresponding to 
one of the plurality of mobile stations transmitting 
20 from approximately the geographical location of (al) ; 

a performance estimator for determining, for each one of 
said location estimators, corresponding one or more 
performance measurements indicative of a previous 
performance of said one location estimator in locating one 
25 or more of the plurality of mobile stations, wherein said 
corresponding performance measurements are determined using 
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location estimates generated by said one location estimator 
when said set of (a2) , for some of said data item 
collections, is supplied to said one location estimator; 
a controller for activating a group of at least one of 
5 said location estimators for generating corresponding 
location estimates of said mobile station when a first said 
set of wireless signal measurements is obtained from 
wireless transmissions between said mobile station and said 
plurality of base stations, wherein one or more location 
10 hypotheses are generated, each said location hypothesis 
having: 

(bl) an hypothesized location estimate of said 
mobile station obtained using the corresponding 
location estimate generated by a location estimator of 
15 said group, 

r 

(b2) a likelihood value indicating a likelihood of 

said mobile station being at a location represented by 

said hypothesized location estimate of (bl), wherein 

said corresponding performance measurements for said 

2 0 location estimator providing the location estimate of 

(bl) are used in determining said likelihood value; 

a location estimator for determining a resulting 

location estimate of said mobile station, said resulting 

location estimate being derived using said hypothesized 

25 location estimates and said likelihood values from said one 

or more location hypotheses. 
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18. A method as claimed in Claim 17, further 
including a step of transmitting said resulting location 
estimate to an emergency response center during a wireless 
communication wherein said first set of wireless signal 

5 measurements is obtained. 

19. A location system as claimed in Claim 11, further 
including an hypothesis estimate generator for generating 
one of said hypothesized location estimates using a time 
series of location estimates for said mobile station output 

0 by said one or more location estimators, 

20. A method for locating a mobile station, wherein 
said mobile station is one of a plurality of mobile 
stations, and wireless signal measurements are capable of 
being obtained from wireless transmissions between the 

5 plurality mobile stations and a network of base stations, 
wherein said base stations in the network are cooperatively 
linked for providing wireless communication with each of 
the mobile stations, the improvement characterized by: 

providing a mobile station location estimator for 
) estimating locations of one or more individual mobile 
stations of said plurality of mobile stations when said 
location estimator is supplied with said wireless signal 
measurements obtained from wireless transmissions between 
the individual mobile station and said network of base 
stations; 
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Storing a plurality of data item collections, wherein 
for each of a plurality of geographical locations, there is 
one of said data item collections having: 

(al) a representation of the geographical location, 
5 and 

(a2) a representation of said wireless signal 
measurements between one of the mobile stations and the 
base stations when said one mobile station is approximately 
at the geographical location of (al) ; 

0 generating, from said wireless signal measurements 

between said mobile and said base stations, an initial 
location estimate of said mobile; 

obtaining a first set of one or more additional location 
estimates generated by said location estimator, wherein 

5 each said additional location estimate is generated from 
said representations of wireless signal measurements of 
(a2) for one of said data item collections, and wherein at 
least a majority of said additional location estimates are 
within a predetermined distance of said initial location 

0 estimate; 

deriving an adjusted location estimate from said initial 
location estimate using a second set of said geographical 
location representations of (al) for said data item 
collections whose representations of wireless signal 
5 measurements of (a2) were used to generate one of said 
additional location estimates of said set. 
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21. A method as claimed in Claim 20, wherein said 
step of deriving includes determining an area boundary of 
said adjusted location estimate as a function of said 
geographical locations in said second set. 
5 22. A location system for locating mobile stations 

from received wireless signal measurements obtained from 
transmissions between said mobile stations and a network of 
base stations, wherein said base stations in the network 
are cooperatively linked for providing wireless 
0 communication, the improvement characterized by: 

one or more location estimators for estimating locations 
of said mobile stations, such that for each of said mobile 
stations, when said location estimators are supplied with 
measurements of wireless signals obtained from 
5 transmissions between: 

the mobile station, at a corresponding geographical 
location from which the mobile station is 
transmitting, and 
said network of base stations, 
0 at least one location estimate is generated; 

a location estimate adjuster for deriving a first 
adjusted location estimate from a first location estimate 
generated by a first of said location estimators supplied 
with said wireless signal measurements obtained from 
5 transmissions between: (i) a particular one of said mobile 



218 

AMENDED SHEET (ARTICLE 19) 



wo 98/10307 



PCT/US97/15892 



10 



Stations, at a particular location, and (ii) said base 
stations, wherein: 

(al) said first adjusted location estimate has a 
corresponding confidence value indicative of a 
likelihood of the particular geographical 
location being a location represented by the 
first adjusted location estimate, 
(a2) said first adjusted location estimate is 
determined using additional location estimates 
generated: (i) previously to the generation of 
said first initial location estimate, and (ii) by 
said first location estimator; 
a most likely estimator for determining a most likely 
location estimate of the particular geographical location 
15 of the particular mobile station, said most likely location 
estimate being derived using said first adjusted location 
estimate and its corresponding confidence value. 

23. A location system, as claimed in Claim 22, 
wherein, said location estimate adjuster includes a 

20 statistical simulation module for deriving a one or more 
likelihood values indicative of said first location 
estimator generating mobile station location estimates that 
include their corresponding geographical locations . 

24. A location system, as claimed in Claim 22, 
25 wherein, said most likely estimator includes a probability 

density function for fuzzifying at least said confidence 
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value for said first adjusted location estimate over an 
area outside of said first adjusted location estimate. 

25. A location system for locating mobile stations 
from received wireless signal measurements obtained from 
transmissions between said mobile stations and a network of 
fixed location transceivers, wherein said transceivers in 
the network are cooperatively linked for providing wireless 
communication with said mobile stations, the improvement 
characterized by: 

an archive for storing a plurality of data 'item 
collections, wherein for each location of a plurality 
geographical locations, there is one of said data item 
collections having (al) and (a2) : 

(al) a representation of the geographical location, 
(a2) a set of said wireless signal measurements 
obtained from transmissions between one of said mobile 
stations and said fixed location transceivers, wherein 
the one mobile station transmits from approximately 
the geographical location; 
a plurality of trainable location estimators, each said 
trainable location estimator for generating a geographical 
location estimates for said mobile stations, wherein for 
each said trainable location estimator: 

(bl) there is a corresponding group of wireless 
signal measurement parameters, wherein for said 
trainable location estimator to generate a location 
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estimate of an individual one of said mobile stations, 
at least some of said parameters must be instantiated 
with values obtained from transmissions between said 
individual mobile station and said fixed location 
5 transceivers, 

(b2) there is a different corresponding group of 
wireless signal measurement parameters for another of 
said trainable location estimators, and 

(b3) said trainable location estimator learns by 
10 associating, for each of at least some of said data 

item collections, said geographical location 
representation (al) of the data item collection with 
said set of said wireless signal measurements (a2) of 
the data item collection; 
15 a location estimator selector for selecting one or more 

of said plurality of trainable location estimators for 
generating mobile station location estimates, wherein when 
each of said selected location estimators has its 
corresponding group of wireless signal measurement 
2 0 parameters instantiated with values obtained from 
transmissions between one of said mobile stations and said 
fixed location transceivers, said selected location 
estimator generates a location estimate of the one mobile 
station; 

25 wherein for locating a particular one of said mobile 

stations, said location estimator selector selects a 
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particular set of said trainable location estimators whose 
corresponding group of wireless signal measurement 
parameters can have at least some said parameters 
instantiated using wireless signal measurements obtained 
from transmissions between said particular mobile station 
and said fixed location transceivers; 

a location estimator for determining a resulting 
location estimate of said particular mobile station, said 
location estimator receiving location estimates from 
trainable location estimators of said particular set. 

26. A location system, as claimed in Claim 25, 
wherein at least one of said trainable location estimators 
includes an artificial neural network. 

27. A method as claimed in Claim 25, further 
including a different trainable location estimator 
utilizing a different artificial neural network for 
generating a different geographical location estimate of 
said one mobile station. 

28. A method as claimed in Claim 26, wherein said 
artificial neural network is one of: a multilayer 
perceptron, an adaptive resonance theory model, and radial 
basis function network. 

29. A method as claimed in Claim 25, wherein said 
trainable location estimator utilizes an artificial neural 
network with an input neuron for receiving a value related 
to wireless transmissions between said particular mobile 
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station and a particular one of said fixed location 
transceivers, wherein said value is indicative of at least 
one of the following conditions: 

(a) said particular transceiver is active for 
5 wireless communication with said particular 

mobile station and a pilot signal by said 
particular transceiver is detected by said 
particular mobile station; 

(b) said particular transceiver is active for wireless 
10 communication with said particular mobile station 

and said particular transceiver detects wireless 
transmissions by said particular mobile station; 

(c) said particular transceiver is active for wireless 

communication with said particular mobile station 
15 and said particular transceiver does not detect 

wireless transmissions by said particular mobile 
station; 

(d) said particular transceiver is active for wireless 

communication with said particular mobile station 
20 and said particular mobile station does not 

detect wireless transmissions by said particular 
transceiver; 

(e) said particular transceiver is not active for 
wireless communication with said particular 

25 mobile station. 
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30. A location system for receiving wireless signal 
measurements of wireless signals transmitted between a 
plurality mobile stations and a network of base stations, 
wherein said base stations in the network are cooperatively 
5 linked for providing wireless communication, the 
improvement characterized by: 

a plurality of mobile station location estimators for 
estimating locations of said mobile stations, such that 
when said location estimators are supplied with said 

10 measurements of wireless signals transmitted between one of 
the mobile stations and said network of base stations, said 
location estimators output corresponding initial location 
estimates of a geographical location of said one mobile 
station, wherein at least two of said mobile station 

15 location estimators of said plurality of mobile station 
location estimators include a different one of the 
following (a) through (f) : 

(a) a pattern recognition component for estimating a 

location of said one mobile station from a 
20 pattern in the wireless signal measurements of 

transmissions between the network and said one 
mobile station; 

(b) a trainable mobile station location estimating 
component for estimating a location of said one 

25 mobile station, wherein said trainable mobile 

station location estimating component is capable 
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of being trained to associate: (i) each location 
of a plurality of geographical locations with 
(ii) corresponding measurements of wireless 
signals transmitted between a specified one of 
5 said mobile stations and the network, wherein 

said specified mobile station is approximately at 
the location; 

(c) a triangulation component for estimating a 
location of said one mobile station, wherein said 
10 triangulation component utilizes said 

measurements of wireless signals between said one 
mobile station and three of the base stations for 
triangulating a location estimate of said one 
mobile station; 

15 (d) a statistical component utilizing a statistical 

regression technique for estimating a location of 
said one mobile station; 

(e) a mobile base station component for estimating a 

location of said one mobile station, wherein said 
20 mobile base station component utilizes location 

information received from a mobile base station 
that detects said one mobile station; 

(f) a negative logic component for estimating an area 

of where said one mobile station is unlikely to 
25 be located; and 
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a most likely estimator for determining a most likely 
location estimate of said one mobile station, said most 
likely location estimate being a function of said plurality 
of location estimates. 

5 31. A location system, as claimed in Claim 30, 

wherein one or more of said mobile station location 
estimators are capable of being at least one of: added, 
replaced and deleted by Internet transmissions between said 
location system and a site remote from said location 

0 system. 

32. A location system for receiving wireless signal 
measurements of wireless signals transmitted between a 
plurality mobile stations and a network of base stations, 
wherein said base stations in the network are cooperatively 

5 linked for providing wireless communication, the 
improvement characterized by: 

a mobile station location providing means for estimating 
locations of said mobile stations, such that when said 
providing means is supplied with said measurements of 

0 wireless signals transmitted between a particular one of 
the mobile stations and said network of base stations, said 
providing means determines a first collection of one or 
more location estimates for said particular mobile station; 
an expert system for activating expert system rules for 

5 one of: (a) modifying one of said location estimates of 
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said first collection, and (b) obtaining additional 
location estimates of the particular location; 

a most likely estimator for determining a most likely 
location estimate of the particular location, said most 
5 likely location estimate being a function of one or more 
location estimates provided by said expert system. 

33. A location system for locating wireless mobile 
stations that communicate with a plurality of networked 
base stations, comprising: 

10 a wireless transceiver means: (a) for at least detecting 

a direction of wireless signals transmitted from a wireless 
mobile station, and (b) for communicating with said 
networked base stations information related to a location 
of said wireless mobile station; 

15 a means for detecting whether a detected wireless signal 

from said mobile station has been one of: reflected and 
deflected; 

a means for estimating a location of said mobile station 
by using wireless signals transmitted from said mobile 
20 station that are not detected by said means for detecting 
as one of: reflected and deflected. 

34. A location system as claimed in Claim 33, wherein 
said means for detecting includes a means for comparing: 
(a) a distance of said mobile station from said mobile 

25 location system using a signal strength of said wireless 
signals from said mobile station, and (b) a distance of 
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said mobile station from said location system using a 
signal time delay measurement of wireless signal from said 
mobile station. 

35, A location system as claimed in Claim 33, further 
5 including 

one or more location estimators for estimating a 
location of said location system, wherein said at least one 
of said location estimators uses wireless signals 
transmitted from one of: said networked base stations and 
0 a global positioning system, 

36, A location system as claimed in Claim 35, further 
including 

a deadreckohing means for estimating a change in a 
location of said location system, wherein said 
deadreckoning means provides incremental updates to said 
one or more location estimates of said mobile location 
system output by said at least one location estimator. 

37, A method for locating a particular wireless 
mobile station using measurements of particular wireless 
signals, wherein at least one of: said measurements and 
said particular wireless signals are transmitted between 
said wireless mobile station and at least one of a 
plurality of transceivers, wherein said transceivers are 
capable of at least wireless detection of a plurality of 
wireless transmitting mobile stations including said 
particular mobile station, comprising: 
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providing a first and second mobile station location 
estimators, wherein each of said location estimators is 
capable of providing a location estimate for each mobile 
station of at least some of said mobile stations when said 
location estimator is supplied with corresponding data 
obtained from received wireless signal measurements 
communicated between the mobile station and one or more of 
said plurality of transceivers, wherein: 

said first location estimator performs one or more 
triangulation techniques, wherein each said 
triangulation technique determines for each of 
one or more of said mobile stations, and for each 
transceiver of a set of three or more of said 
transceivers, a distance between the mobile 
station, and said transceiver, each said distance 
determined from data resulting from received 
measurements of wireless signals communicated 
between the mobile station and said transceiver, 
and 

said second location estimator does not perform any said 
triangulation technique; 
first supplying said first location estimator with first 
corresponding data obtained from received wireless signal 
measurements communicated between said particular mobile 
station and one or more of said plurality of transceivers; 
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second supplying said second location estimator with 
second corresponding data obtained from received wireless 
signal measurements communicated between said particular 
mobile station and one or more of said plurality of 
5 transceivers; 

first generating, by said first location estimator, 
first location related information having at least a first 
estimate for the mobile station' s location; 

second generating, by said second location estimator, 
0 second location related information having at least a 
second estimate for the mobile station's location; 

determining a resulting location estimate of the mobile 
station using: (a) a first value obtained from said first 
location related information, and (b) a second value 
3 obtained from said second location related information. 

38. A method for locating a particular wireless 
mobile station using measurements of particular wireless 
signals, wherein at least one of: said measurements and 
said particular wireless signals are transmitted between 
) said wireless mobile station and at least one of a 
plurality of transceivers, wherein said transceivers are 
capable of at least wireless detection of a plurality of 
wireless transmitting mobile stations including said 
particular mobile station, comprising: 
> providing a first and second mobile station location 

estimators, wherein each of said location estimators is 
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capable of providing a location estimate for each mobile 
station of at least some of said mobile stations when said 
location estimator is supplied with corresponding data 
obtained from received wireless signal measurements 
5 communicated between the mobile station and one or more of 
said plurality of transceivers, wherein: 

said first location estimator performs one or more 
global positioning techniques, wherein each said 
global positioning technique determines for each 
10 of one or more of said mobile stations, 

corresponding data resulting from received 
measurements of wireless signals from one or more 
global positioning satellites, said corresponding 
data for determining a location of the mobile 
15 station, and 

said second location estimator does not perform any 
said global positioning technique; 
first supplying said first location estimator with first 
corresponding data obtained from wireless signal 
20 measurements communicated between said particular mobile 
station and one or more of said plurality of transceivers; 

second supplying said second location estimator with 
second corresponding data obtained from wireless signal 
measurements communicated between said particular mobile 
25 station and one or more of said plurality of transceivers; 
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first generating, by said first location estimator, 
first location related information having at least a first 
estimate for said particular mobile station's location; 

second generating, by said second location estimator, 
second location related information having at least a 
second estimate for said particular mobile station's 
location; 

determining a resulting location estimate of said 
particular mobile station using: (a) a first value obtained 
from said first location related information, and (b) a 
second value obtained from said second location related 
information. 

39. A method for locating a particular wireless 
mobile station using measurements of particular wireless 
signals, wherein at least one of: said measurements and 
said particular wireless signals are transmitted between 
said wireless mobile station and at least one of a 
plurality of transceivers, wherein said transceivers are 
capable of at least wireless detection of a plurality of 
wireless transmitting mobile stations including said 
particular mobile station, comprising: 

providing a first and second mobile station location 
estimators, wherein each of said location estimators is 
capable of providing a location estimate for each mobile 
station of at least some of said mobile stations when said 
location estimator is supplied with corresponding data 
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obtained from received wireless signal measurements 
communicated between the mobile station and one or more of 
said plurality of transceivers, wherein: 

said first location estimator performs one or more 
5 coverage area analysis techniques, wherein each 

said coverage area analysis technique determines 
for each of one or more of said mobile stations, 
an area: (i) included in a corresponding coverage 
area for each of one or more of said transceivers 
10 that detect the mobile station, and (ii) excluded 

from a corresponding coverage area for each of 
one or more of said transceivers that can not 
detect the mobile station, and 
said second location estimator does not perform any 
15 said coverage area analysis technique; 

first supplying said first location estimator with first 
corresponding data obtained from wireless signal 
measurements communicated between said particular mobile 
station and one or more of said plurality of transceivers; 
20 second supplying said second location estimator with 

second corresponding data obtained from wireless signal 
measurements communicated between said particular mobile 
station and one or more of said plurality of transceivers; 
generating, by said first and a second of said location 
25 estimators, respectively, first and second different 
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initial location estimates of said particular mobile 
station; 

determining a location estimate of said particular 
mobile station as a function of at least one of: (a) said 
5 first and second initial location estimates, and (b) a 
rating of said first and second initial location estimates. 

40. A method for locating a wireless mobile station 
capable of wireless communication with a plurality of base 
stations, comprising: 
10 providing a plurality of mobile station location 

estimators, wherein said location estimators provide 
different location estimates of said mobile station when 
said location estimators are supplied with location 
information derived from signal measurements that * are 
15 transmitted between said mobile station and said plurality 
of base stations; 

receiving measurements of wireless signals transmitted: 
(a) from one or more global positioning satellites, and (b) 
between said wireless mobile station and said plurality of 
20 base stations; 

first generating, by a first of said location 
estimators, a first time series of one or more location 
estimates of said mobile station when at least a portion of 
said measurements are obtained for global positioning 
25 satellite signals; 
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second generating ,by a second of said location 
estimators, a second time series of one or more location 
estimates of said mobile station when at least a portion of 
said measurements provide measurements of wireless signals 
5 transmitted between said mobile station and at least one of 
base stations of said plurality of base stations; 

determining a resulting time series of one or more 
resulting location estimates of said mobile station, 
wherein for each time of said resulting time series when 
10 one of said resulting location estimates is derived, said 
derivation uses at least one location estimate: (a) that is 
most recently generated by said first location estimator, 
and (b) that is most recently generated by said second 
location estimator. 
15 41. A method as claimed in Claim 40, wherein said 

step of determining includes: 

establishing a priority between said first initial 
location estimate and said second initial location 
estimate . 

20 42. A method as claimed in Claim 41, wherein said 

step of establishing includes obtaining a confidence value 
corresponding to at least one of said first initial 
location estimate and said second initial location 
estimate, wherein each said confidence value is indicative 

25 of a likelihood of said mobile station being its said 
corresponding initial location estimate. 
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43. A method as claimed in Claim 41, wherein said 
step of establishing includes using a first time value 
associated with said first initial location estimate, and 
a second time value associated with said second initial 

5 location estimate. 

44. A method as claimed in Claim 40, wherein said 
step of determining includes preferring said first initial 
location estimate over said second initial location 
estimate when both are available for substantially a same 

10 location of said mobile station. 

45. A method as claimed in Claim 40, wherein said 
step of receiving includes receiving a first portion of 
said- measurements in a first time period and a second 
portion of said measurements in a second time period 

15 different from said first time period, wherein said first 
portion is obtained from a global positioning satellite, 
and said second portion is derived from wireless signals 
transmitted between said mobile station and at least one of 
base station of said first plurality of base stations. 

2 0 46. A method as claimed in Claim 4 0, wherein said 

mobile station is in a vehicle and said step of determining 
uses deadreckoning estimates of changes in the location of 
the vehicle. 

47. A method as claimed in Claim 40, wherein said 

25 step of determining includes evaluating one or more 

constraints related to one or more of; a velocity of said 
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mobile station, an acceleration of said mobile station, an 
estimated location of said mobile station in relation of a 
terrain of said estimated location. 
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